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This volume of approximately 200 pages is the fourth and largest 
of our Short Course issues. Papers and discussions presented by 
highway engineers, maintenance and administrative personnel, 
A &M faculty members, and leading businessmen are reproduced 
herein for the benefit of personnel unable to attend the course. 
Not all of the informative discussions of the twenty-eighth Short 
Course are included since some speakers used notes rather than 
prepared texts, and it was also impossible to include any tran- 
scripts of the many floor discussions. 

This year marked an inovation in the format of the course, with 
the first day taken up with a General Session at which topics of 
broad interest were covered. On the following days various group 
discussions on the many phases of highway design, construction, 
maintenance, and finance were held for those interested in attend- 
ing them. 

The purpose of the new program was to determine whether 
smaller individual sessions would be more valuable as instruc- 
tional media than large formal meetings. Consideration is being 
given to planning future programs in this way. 

Our cover this month typifies the interdependence of all divisions 
and districts of the Highway Department, and sums up the purpose 
of the annual Short Course. This mural was painted by Willard 
Edison Pressnalle in the office of Knox E. Dixon, Maintenance 
Foreman in Anahuac County. The motto Ave Stella Gloriosa refers 
to the Lone Star State. 
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The , purpose of this publication, “Texas High- 
ways,” is to furnish a medium for presenting prac- 
tical ideas and information. Employees are invited 
and urged to submit suggestions and relate ex- 
periences which would benefit or be of interest to 
Highway employees. These conclusions and data 
are not necessarily endorsed by the Highway 
Department nor are they to be construed as 
instructions. 

Photographic services are available and other 
assistance may be obtained, if desired, in pre- 


paring material for submission. All material and 
comments should be directed to the Information 
and Statistics Division, Austin 14, Texas. 
“Texas Highways” is published monthly by and 
for State Highway Employees for departmental! 
use only. The use or reproduction of the ma- 
terial contained herein is prohibited without the 


expressed permission of the 
Engineer. 
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Morning: Ballroom Memorial Student Center Afternoon: Ballroom Memorial Student Center 
8:00 Registration, Memorial Student Center Chairman: Frank W. Cawthon, District Engineer 
Texas Highway Department 
Chairman: Dr. 8.R. Wright, Head Dallas, Texas 
Civil Engineering Department 
A & M College of Texas 1:45 The Nation's Highway Future 
College Station, Texas D.C. Greer, State Highway Engineer 
Texas Highway Department 
10:30 Invocation: Rev. Norman Anderson, Pastor Austin, Texas 
A & M Presbyterian Church 
College Station, Texas 2:15 Highway Construction Future 
esa Capen a resident 
Address of Welcome Gulf Bitulithic Company 
Dr. David H. Morgan, President Houston, Texas 
A & M College of Texas 
Intermission 
Response é 
siviceewluieg Dell wr resident _3:00 Highway Loadings 
Austin Road Company Henson K. Stephenson, Research Engineer 
Dallas, Texas A & M College of Texas 
11:00 Texas Highway Needs 3:30 The Malad Test Road 
E.H. Thornton Jr., Chairman Frank H. Scrivner, Supervising Research Engineer 
Texas Highway Commission Texas Highway Department 
Galveston, Texas Austin, Texas 
11:30 A Look Ahead 4:00 Future of Highway Short Course 
Pyke Johnson. President Fred J. Benson, Professor 
Automotive Safety Foundation Civil Engineering Department 
Washington, D.C. A & M College of Texas 


7:00 Annual Banquet, Sbisa Hall 
Toastmaster: D.C. Greer 
Texas Highway History 
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Address of Welcome -- Response -- 
Dr. David H. Morgan, President Tyree L. Bell, President 
A & M College of Texas Austin Road Company, Dallas 


Dr. David H. Morgan, President of A & M College, welcomes 


D.C. Greer, State Highway Engineer, at the beginning of 
the Twenty-eighth Annual Highway Short Course. 


Chairman -- ; TEA The Nation's Highway Future -- 
Frank Cawthon, District Engineer D.C. Greer, State Highway Engineer 
Texas Highway Department Texas Highway Department 
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Pyke Johnson, President 
Automotive Safety Foundation 
Washington, D.C. 


In the dramatic onsweep of the 
machine age which has marked life 
in the United States since World War 
II, Texas has played a spectacular 
part. 

Where in 1939 farm labor was 30 
per cent of all Texas employment, 
todayitis 16. In the interval, notably 
from 1945 on, tractors on the farms 
have doubled in number. Today half 
of all farms in the state are mech- 
anized. Output per acre and per 
man-hour has been rising steadily. 


Total income has risen 348 and per 
capita wealth 251 per cent since 1940. 
The number of men employed in 
manufacturing industries has more 
thandoubled, yet through the constant 
advance in machine methods, the value 
added by manufacture has multiplied 
more than five times. 

More recently, from 1950 through 
June 30, 1953, the investment in 
expansion of defense facilities has 
reached about $2 billion. 

Too, there has been a phnenomonal 
growth in motor vehicle use, another 
important index of the progress of the 
machineage. Bothcars and trucks now 
inuse are double the number in 1940, 
a figure that sharply exceeds that of 
the United States as a whole for 
passenger cars and is about the same 


as the national average for the truck. 


Where the total vehicle mileage was 
13.5 billionin 1940 in Texas and 16.4 
billion in 1946, bythe end of last year, 
the total was practically double that of 
1946. 

Whentravelfigures were compiled 
for the Texas Highway Needs pam- 
phlet, animpressive total of 86 million 
miles was being driven every day in 
Texas.. More recent national esti- 
mates, show that even that incredible 
number has been surpassed. 

Norris. thezend ini sight.) Recent 
government reports forecast 100 
million motor vehicles in the United 
States by 1975. Will Texas have its 
share? I leave it to you to answer 
that one. 

On all sides and in almost every 
activity, Texas is moving forward at 
a prodigious rate. As_ industrial 
chemistry has progressed, the state's 
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vast natural resources are _ being 
developedata constantly accelerating 
pace. 

The impact on the way of living of 
the Texan has been profound. With one 
vehicle to every two residents, the 
radius of urban influence has been 
greatly expanded. Cities have literally 
exploded their earlier boundaries. 
Schools have been consolidated. 
Farmers have been brought*close to 
market. The line between rural and 
city life has become faint indeed. 

President Eisenhower's message to 
the governors on July 12 is peculiarly 
appropriate to the Lone Star State. He 
said: 

"We live in a dramatic age of 
technical revolution through atomic 
power and we Should recognize the fact 
that the pace is far faster than the 
simpler revolutions of the past. It 
was a very long generation from the 
Watts steam engine to a practical 
steam locomotive. It was less than 
nine years from the atomic bomb to 
the launching of an atomic-powered 
submarine. We have seen a revolu- 
tionary increase in opportunity, 
comfort, leisure, and productivity of 
the individual. 

"Thirty years ago, the machine 
economy was almost entirely limited 
tofactories andtransportation. Today 
itis inevery area of living, even in the 


garden patches and the front lawn." 


And he might have added for our 
northern states, and on our snow- 
covered sidewalks! 

Allofthat is on the credit side and 
much more could be said in glowing 
terms about that part of the world in 
which weas Americans are privileged 
to live. 

Let's try to put it all into more 
personal terms and to consider the 
reverse side of the coin as well. 

Suppose, for example, as a blue- 
print for action in what follows in this 
look ahead, eachof you present paused 
for amomenttoask yourself these two 
questions: 

What would happen to me, to my 
family, to my business, if suddenly 
we were to be deprived of the use of 
our car, the truck, and the bus?" 

"In the light of our constantly 
increasing use of these vehicles, can 
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I, .mye family; 9 and my,sousidess, 
possibly afford to be without adequate 
facilities for their safe and efficient 
use and Storage -- storage inthis case 
being parking?" 

The answer to the first question 
comes quickly. It is also one way of 
drawing a line between life as it is 
today in the United States and almost 
all of the rest of the world. 

The answer to the second question 
is equally clear, “Dutmittorces allor 
us toface up to present-day realities. 
It poses one of the stiffest civilian, 
social, financial, engineering, and 
educational problems which still lie 
ahead of us. 

Put bluntly, the position we are in 
todayin Texas, Maine, Oregon, Ohio, 
Florida, every other state is this: 

Neither in facilities nor in skills 
of use have we yet been able to match 
the technological and selling genius 
which has placed 56 million motor 
vehicles on our roads and Streets. 

In fact, not sensing the change 
which is taking place in the lives of 
all of us, we have made day-to-day, 
piecemeal approaches to _ issues 
which require research and broad 
policies as a basis for sound action. 

The result has been a terrible toll 
in life, limb; “and property, onthe 
public highway, together with conges- 
tion and its resultant huge costs to 
industry and private users growing 
out of the deficiencies created: by 
inadequate transportation facilities. 
The further costs which could arise 
in case of atomic warfare are almost 
beyond human imagination in _ the 
horrors they conjure up of millions 
trapped in heavily populated areas. 

Let me be specific. Because our 
city planners, councils, architects, 
and realty owners did not sense the 
need for off-street ioading and unload- 
ing facilities for trucks, staggering 
sums have been invested in buildings 
which now must be modernized or take 
their place in blighted areas. 

Because we have not anticipated 
the needfor taking care of the vehicle 
at rest, we have used costly street 
facilities for storage space, allowing 
a Single vehicle at times and places to 
eliminate a full lane and obstruct a 
second lane, thereby retarding the 


movement of hundreds of vehicles per 
hour. 

Because we did not foresee that 
practically all home owners’ and 
apartment users would’ possess 
vehicles, we have not provided full 
reSidential off-street parking facili- 
ties nor have we zoned districts with 
a view to making life in new subdivi- 
sions more pleasant for the occupants 
and safer for their children, and one 
might think, more profitable for the 
owner. 

Further, we have superimposed 
modern traffic on horse and buggy 
street layouts and so must face 
squarely drastic street modernization 
at heavy cost to save the circulatory 
system of our metropolitan areas, 
their realty values and position as 
business center. 

Where we have built new highways 
or bypasses, we usually have failed 
to provide adequate funds to acquire 
needed rights of way. So we find all 
kinds of business structures and 
billboards encroaching upon the right 
of way. The capacity of the road for 
safe movement is diminished. 

One is tempted in viewing situations 
like these to ask ironically: ''Do we 
know even yet what we are building 
moads for?) as7rit-tor) storage, for 
service to abutting property or for 
movement? Isn't it about time we 
decided? 

During the great depression of the 
30's, we diverted huge sums to leaf 
raking or its equivalents. In World 
War II, all road building except that 
immediately essentialtothe war, was 
stopped by order of the President. 
The records of roads constructed and 
in place -- the life line of highway 
progress -- show that we did not 
fully regain the momentum so lost 
until ten years later. Meanwhile 
people were buying faster and heavier 
vehicles by the: millions. Inflation 
had set in. 

It is a statement of fact that in the 
postwar era, the manufacturers have 
built more miles of vehicles bumper to 
bumper than the highway engineers 
have beenable to build of roads. True, 
roads are built in multiple lanes. True, 
also, vehicles don't move bumper to 
bumper safely nor are the roads 


always built where the mass traffic is. 

Inconsequence, allover the United 
States we are suffering from critical 
deficiencies in our roads which will 
require more billions of dollars 
annually to their rehabilitation, than 
all we are now spending. 

''We require, '' says the President 
of the United States, ''a grand plan for 
a properly articulated system that 
solves the problems of speedy, safe, 
transcontinental travel -- intercity 
communication -- access highways -- 
and farm-to-market movement -- 
metropolitan area congestion oo 
bottlenecks -- and parking. ' 

"The penalties of our present 
appalling inadequacies, '' he_ says, 
"warrant the expenditure of billions 
to correct them, "and so he advocates 
a new program of $50 billion in ten 
years over and above existing expendi- 
tures as a ''goal toward which we 
can -- and we should -- work." 

That statement made, he then calls 
upon the governors of the states to 
join in studying this problem and in 
recommending to him ''cooperative 
action so that he, the President, can 
submit positive proposals to the next 
session of the Congress." 

It is a sufficient earnest of the 
President's view of the seriousness 
of the issue to take note of the fact 
that his message came only a few 
weeks after the passage by Congress 
of the largest Federal road bill in our 
history -- a ‘bill which increased 
existing authorizations of $575 million 
annually to nearly $1 billion. In 
passing, this law puts heavy respon- 
sibilities on each state to step up to 
its share of the financial and adminis- 
trative problems involved in this 
already enlarged effort. 

It is a sufficient indication of the 
attitude of the governors to note that 
immediately, they called upon the 
American Association of State High- 
way Officials to meet with them to 
consider this problem; that such 
meetings have already been held; and 
that gradually a ''Grand Plan" is being 
evolved which will be ready by the 
next Congress. Meanwhile the Bureau 
of Public Roads, in cooperation with 
the states and the Council of State 
Governments, is proceeding with 
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broad studies of the facts underlying 
the needs as a basis for final policy 
action. ; 

It is evidence of the universal 
demand for improved roads that 
generally the public reactionas voiced 
by the press, radio commentators, 
magazine publishers, other media, and 
interested groups, has been strongly 
in support of the imaginative approach 
of the President's "Grand Plan."' 

The real test will come, however, 
as the effort is made to give legisla- 
tive and administrative substance to 
his outline. 

Then we may expect that while all 
ofusas individuals will recognize the 
imperative needs which lie behind his 
proposals, as groups we will probably 
react as we always have in the past. 
We will want the other fellow to pay 
the costs, or most of them, while 
insisting that the road shall go where 
we want it. 

That approach cannot possibly be 
successful in a project the size and 
cost of this one. Individually and 
collectively, we must raise our sights. 
We must recognize that we cannot 
have roads unless we are ready to pay 
for them one way or another. We can 
only demand that they shall be built 
‘andheldto necessary traffic require- 
ments and that those requirements 
shall be determined by detailed study 
of all the facts, ‘not on political 
preferment. 

Parenthetically, three major 
errors in semantics have hung over 
the highway program for years. Let's 
put them on the table. 

1, Theuseof the term "Aid" as if 
Federal funds for roads were a subsidy 
instead of a recognition of a constitu- 
tional obligationto pay a fair share of 
the costs due to Federal uses of the 
roads. Actually, if any level of 
government has been subsidized in the 
roadprogram, itis the Federal, par- 
ticularly, in the light of today's vast 
military transportation problems. 

2. The idea that we have ''free" 
roads isanage-old fallacy. Actually, 
every filling station is a toll collector 
andso is every other collector of any 
special motor :-vehicle tax, 

3. Because government collects 
the charge for roads, we call it a tax 
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and frequently set ourselves up in 
violent opposition. Anyone who buys a 
railroad ticket knows it includes costs 
of right of way, maintenance, equip- 
ment, operation, and a profit to the 
company. Basically, there is no 
difference between that charge and 
the road tax. Both are ‘service 
charges. Both must be met. 

The real problem is how to get 
needed roads quickly, at the lowest 
cost. Properly located, designed, 
constructed, and maintained, we all 
know that it will cost us less in the 
total family budget to have them than 
to go without them. It may even save 
our "lives. -Those? “are *the’-central 
facts. 

The rest is a matter of cutting the 
elephant into pieces, seeing how we 
can allocate costs most equitably as 
between capital expenditure and 
current costs; as between different 
levels of government; and as between 
different classes’ of ‘beneficiaries. 
In this latter group, note should be 
taken of the amazing awards which 
realty. thas’ “parnered efron = such 
developments as the Gulf Freeway. 

At the Federal level, basic 
administrative policies are clean cut 
and a more than thirty-year highway 
program of cooperation between the 
Federaland State governments attests 
its success. States rights have been 
maintained. Funds have beendirected 
to roads of major public concern. 
There has been no = dispersion= or 
diversion of authorized funds. ‘The 
work has beendone almost universally 
by private contract. A great system 
of highways has been built without 
scandal; rendered obsolete only by 
the constantly advancing technology of 
the manufacturers, wars, inflation, 
and an ever-broadening use without 
collateral development of the roads. 

A practically unanimous, nonparti- 
san vote in both houses of Congress 
is evidence of public confidence in the 
job that has been done and faith in the 
principles contained in the Federal 
Aid Highway Act. 

Nationally, the largest questions 
grow out of the relatively small 
Federal part inthe financial phases of 
the highway program. 

Thus far the Federal payments have 


ranged around 12 per cent of the total. 
Actually, as today's law is written, 
the annual payment of $175 million 
toward the interstate system of 40, 000 
miles would require for the completion 
of those roads -- the most important 
in the nation -- anywhere from 50 to 
Meyears, 


We can't and won't wait that long. 
So we see States having a heavy 
interstate traffic taking the position 
that if these roads whichare primarily 
a national responsibility are to be 
built without delay, then they must be 
built as toll roads. 

It follows that one of the large 
issues ahead is whether users are to 
assume the entire burdens of such 
roads when they cvuuld be built just as 
quickly by state highway departments 
and at lower costs to the user, espe- 
cially ifthe Federal government were 
to put the weight of its borrowing power 
behind the construction of such ''free" 
interstate roads. 

Collateral issues are many. One 
teathe view ostrongly expressed iby 
municipal authorities that the Federal 
government has not paid its share of 
those major arterial urban roads 
which are an integral part of the 
interstate system. Along with that 
goes a point of equalimportance. Even 
if feasible plans could be developed 
for urbantoll roads, theysaythe more 
desirable and less expensive course is 
"free''roads. That means, inevitably, 
long-term financing. Houston has one 
solution in its proposed provision of 
expensive rights of way from 
long-term bond issues as the city's 
share. 

Another issue is the view that 
interstate commerce should be held 
free from any undue restraints and 
consequently, that states should not 
be permitted to assess against inter- 
state travel, rates which will bring 
huge profits. It is pointed out that 
such practices would not be permitted 
in the case of railroad and other 
interstate movements. 

A third point of pressing im- 
portance is the creation of dual 
government agencies with all of their 
implications of government waste and 
undue costs. Hereis an issue of vital 
moment to the entire highway pro- 


gram. Already we have seen separate 
turnpike authorities created whose 
function, once the road is built, is 
Simply to maintain it in profitable 
operation. Free from the usual legal 
reStrictions that hamper state highway 
departments in getting engineers, they 
have raided them at a time when 
highway departments at all levels are 
having a hard time maintaining 
imperatively needed personnel. In 
one department, foran example of the 
difficulty to get new men, out of a 
total of 200 engineers, less than ten 
are under 35 years of age. 

Ifthe engineering job is to be done 
economically, efficiently, and intell- 
igently as it has been in the past, the 
present is no time to duplicate func- 
tions. Onthecontrary, the challenge 
that faces the universities, Congress, 
and the legislatures is to get highly 
trained young men into the highway 
service. Compensation and retirement 
funds must be increased or as 
taxpayers, we will have to pay the 
costs in inadequate work. 

The President's pronouncement is 
that the program must be stepped up. 
Dheeesovernorsmapree: “lthurisy sa 
requirement of paramount importance 
that everything possible shall be done 
to enlist not alone engineering but all 
the other skills of a job which bear 
soimportantly on our way of living as 


this one. 


Otherwise, the highway engineers 
of the country could well wake up one 
day to charges of inefficiency, waste, 
and neglect inthe performance of their 
duty. : 

Of all the issues before you of the 
university and engineering fields, 
probably none is of as far-reaching 
consequence as this human one -- the 
right man in the right place at the 
right time. 

Along with this practical consider- 
ation goes another. Our highway laws, 
like other policies, frequently have 
been amended on a piecemeal basis. 
Their language often is not only 
confusing and overlapping but actually 
places obstacles in the way of getting 
the job done despite the clear intent of 
the people and their legislators. 

A single illustration of vital 
consequence is the right-of-way 
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laws. Provision must be made to 
enable both states and local authorities 
to obtain adequate rights of way for 
important highways for several years 
in advance of construction. Further, 
the right to acquire first and to adju- 
dicate costs later is a ''must" if the 
purpose is to get the project underway 
without delay. 

The position varies sharply withthe 
state. Insome, as of today, permission 
is not granted even for controlled 
access yet this is a necessary part of 
the acquisition of the right of way 
itself. 

The Federal government has a 
direct interest in getting those roads 
of national importance built to needed 
standards. The right to use Federal 
funds for such acquisitions and the 
insistence oncontrolled access where 
needed and feasible as a prerequisite 
tothe use of Federal funds would free 
the hands of engineers to get on with 
the job. 

As we look ahead in the light of 
what has been achieved in the past, 
these points appear in strong relief: 

1. The first demand on the public 
is for safe and efficient transportation 
of all kinds. If goods, for example, 
can be moved more rapidly and less 
expensively by "piggy-back" service 
over our railroads, then by all means 
that service should be developed. If 
city transit services can attract back 
private motor-car users, they should 
be free to do so. But in all events, 
competition should be maintained. The 
determining factor at all times must 
be the desires and needs of the 
customers; no punitive action in favor 
of any purveying group. 

2. ‘The public is not concerned with 
engineering terminology in road 
constructionand use. As motorists you 
and I are only interested in getting 


from Point A to B safely and com- 


fortably. Those points today may be 
from one farm to another; from home 
to shopping point; from one end of the 
country to the other, or even beyond. 
We don't know and don't care whether 
the road we travel is in the primary, 
secondary, or tertiary classification. 

3. We want the road. We want it 
to be built at the lowest cost and well 
maintained. Wedon't like to pay taxes 
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but we will. if we can be assured that 
you, the legislators, the road builders, 
are Spending our special taxes to help 
us travel more safely and more 
economically. 

Back of this call for all kinds of 
roads is the insistent need for the close 
integration by law of the thousands of 
independent road jurisdictions which 
have existed in our country since the 
earlydays. Weneedas well the same 
close cooperation between the 
universities and state highway depart- 
ments as is evident here at Texas A 
and M. We need it because road 
buildingisa dynamic job and we must 
have research as well as trained men 
on the job. 

The close cooperation which has 
existed between Federal and State 
officials under the Federal Act must 
be extended throughout the field. Laws 
mustbe modernized. Every obstacle 
which stands in the way of getting the 
job done must be eliminated. Our 
system of highway financing must be 
revised to meet today's needs. There 
must be public awareness not so much 
of the needs as of what is being done 
tomeetthem. The problem of highway 
safety should be meshedin much more 
closely to the engineer's job than it 
has been in the past because safety 
remains one of the principal aims of 
anadequate highway system. Educa- 
tors, research men, enforcement 
agencies, registration officials, and 
the drivers, are all part of the squad. 

As we face up to the great new goal 
set down by the President, the first 
step should be one of elimination of all 
of the blocks which may Stand in the 
way of getting the job done. 

There isa place in this magnificent 
undertaking for all of us, because it 
canonly be realized as it becomes an 
ALL-AMERICAN EFFORT, 

You who are legislators, educators, 
or engineers and have the legal and 
moral responsibilities to carry on, 
are our first team. 

It is up to the rest of us to give 
you our full backing. 

That you are assured as you go 
forward. 

AS? ithe Presidentshasusaid-wtnis 
job is essential, but it can only be 
done in the ''closest cooperation. " 
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HIGHWAY CONSTRUCTION FUTURE 


E.B. Cape, President 
Gulf Bitulithic Company 


Houston, Texas 


It is a pleasure to attend this the 
Twenty-eighth Annual Highway Short 
Course, and I would like to take this 
opportunity tothank the A & M College 
andthe Texas Highway Department for 
making this meeting possible. It is 
alwaySa great help and an inspiration 
to be able to attend and be a part of 
these fine programs. 

Any one of the very able speakers 
who have preceded me could give a 
world of informationas to the need for 
increasing highwayconstruction. Mr. 
Thornton, Mr. Johnson, or Mr. Greer 
could easily use the entire day in 
discussing this very timely subject. 
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I would like to personally thank Mr. 
Thornton and the other members. of 
the Highway Commission, on behalf 
of the construction industry, for their 
untiring effort in presenting our high- 
way problem to the people of Texas. 

In March of this year Mr. Greer 
and the Commission announced that 
the current fiscal year marks the 
beginning of the second billion dollars 
of highway construction to be per- 
formed by Texas contractors under 
the State Highway Department. We 
are proud of our record -and of our 
association with the Texas Highway 
Department in this work. | 

This first billion contracted plus 
force account construction and other 
assets places the investment of the 
Texas Highway System at about one 
and one-half billion dollars. This is 
a lot of money and we have a lot of 
highways, but latest figures published 
by the American Association of State 
Highway Officials show that Texas has 
about 30 thousand miles of main 
highways that need improvements at 
an estimated cost of nearly one and 
one-half billion dollars. We need to 
spend todayon our highway system an 
amount almost equal to the amount 
spent by the Highway Department in 
the $7 years from its creation’in-1917 
to the present. We are told that this 
lost’ sround= has’ resulted’ in ‘an 
economical loss of 150 million dollars 
a year asaresult of highway accidents 
alone. Add to this amount lost time, 
wasted fuel etc.°and one can easily 
see that the old saying which we have 
been told So -many times is a true 
Slabeime ULeOletactsas lie WOULG WEtKOUuLO 
repeat this statement again, ''We pay 
for highways whether we have them 
On nota” 

The approximate 50 per cent in- 
crease in the 1954 Federal Aid High- 
way Act will be a help and President 
Eisenhower's proposed 90-billion 
dollar, 10-year program, in addition 
to regular Federal Aid, will be a big 
boost should it become law in 1955, 
but the fact remains that we in Texas 
must provide our share of matching 
dollars as well as provide for the 
ever-increasing maintenance load. 

I believe the people of Texas will 
provide the necessary funds, at the 
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State level, to insure the necessary 
funds to build and maintain a modern 
and adequate State Highway System. 
To substantiate this belief I can cite 
(1) Thetollroad authority, (2) County 
bond elections, and (3) City bond 
elections. Each of these, along with 
the increased Federal Aid, will be a 
help but the toll road cannot replace 
public facilities, the county bond issue 
does not relieve the cry for increased 
farm-to-market roads, and the large 
city bond issues provide scarcely 
more than sufficient funds to acquire 
right-of-way: and therefore cannot 
eliminate the need for vast urban 
expansion, 

Now let's look for a minute atthe 
construction industry and the future. 
The construction industry has been 
tried and found not wanting. I cite 
first the great construction program 
which was undertaken during World 
War II. In spite of tremendous hard- 
Ships of reduced personnel, material 
shortages, equipment and _ parts 
shortages, we were able to complete 
the inecessaryatactlities ingwhatewe 
think was a record time. 

Since -the creation .of the State 
Highway Department the construction 
industry has kept pace with an in- 
creasing highway program each year. 
To illustrate this growth remember 
that in .1935 the State Highway 
Department - started: less: “than 21 
million dollars worth of work as 
compared with over 132 inillion which 
will be started in 1954. 

We believe the personnel situation 
is now stronger:in-the construction 
industry than it has been at any time 
in the past. We feel*that most con- 
tractors have old and tried employees 
who will be able to cadre new outfits. 
We believe the supply of operators will 
be able to hold pace and that the 
number of young graduate engineers 
entering the constructionindustry will 
be of help in absorbing an increased 
working load. 

The speaker is neither an equip- 
mentexpert nor a prophet, but for an 
insight into the role equipment will 
play inthe construction future one has 
only to look.at the..past.....Take; for 
example, the dractor. :Caterpillar 
has this year celebrated the fiftieth 


anniversary of the crawler tractor. 
This means that the entire develop- 
ment of this type equipment has been 
within the lifetime of a great number 
of those that are present here today. 
It has been a very few years for any 
old-timer since the ''Best 60'' was the 
zenith in power. In these few years 
we have seen the old ''60'' replaced 
with bigger and better machines and 
in the years to come we feel sure the 
TD 24s and the D9s will likewise be 
replaced. Within these few years we 
have seenthe crawler tractor adapted 
to bulldozers, root rakes, scrapers, 
end loaders, elevating loaders, huge 
compactors, and many other uses. 
We have seen a like advancement in 
practically all of our equipment. We 
fave -seen arc. welding, .Gyro-Flo 
compressors, diesel engines, portable 
electric power, mobile batching 
plants, transit mixers, twin-power 
Scrapers, rubber-tired cranes, and 
many other advances come _ into 
prominent use. One of the most 
promising things to come to our mind 
is the concrete paver that will lay its 
own forms as it moves along the 
subgrade. I cannot speak for the 
construction industry as a whole, but 
our company has addeda large amount 
of equipment in the last few years. 
For example, we have replaced two 
hot mix plants and added a third. 
We know other contractors have 
expanded inthis as well as other types 
of equipment. We believe and have 
confidence that this parade of progress 
will be equal to any accelerated 
program of work offered to the con- 
struction industry. 

Ihave talked briefly about personnel 
and equipment and feel that the 
suppliers for the construction industry 
have likewise adequately kept pace 
withthe accelerated program the last 
37 years and that they again will be 
able to meet the demands of the 
future. 

When the subject of an expanded 
highway program is discussed some 
express the fear that the law of supply 
and demand might increase prices, 
but just the opposite is more than 
likely to happen. 

As the amount of work increases, 
everyone Keeps bidding. All of us are 


guilty of sometimes bidding more work 
than we can handle and when this 
happens we buy additional equipment 
or subcontract part of our work. Our 
subcontractors take onadditional work 
and they in turn buy additional equip- 
ment and thus the cycle is started. 
Soon we find subcontractors who are 
bidding work and in desperation are 
bidding at cost or below cost to hold 
an organization and make equipment 
payments. The thing they forget is 
that the equipment they are wearing 
out to make payments should in reality 
be providing for the orderly process 
of replacing equipment. Asa matter 
of fact I am of the opinion that the 
construction industry is at this time 
overexpanded and that unless addition- 
al work is made available there may 
be some hard times ahead. A few 
reasons for this belief are: (1) Cost 
of work has been going down for 
several years while the cost of labor 
and materials has been going up; 
(2) There are still just as many 
bidders, or perhaps more bidders, 
per job than there were two years ago; 
(3) Some of the large organizations 
such as the American Road Builders'! 
Associationhave working committees 
to study the possibility of maintenance 
by contract in order to alleviate 
overexpansion by contractors. 

Hence this word of caution, a large 
increase in highway construction could 
result in more broke contractors than 
rich ones. 

We hope when the day comes that 
additionalfunds on the State level are 
made available these funds will be 
adequately protected by constitutional 
amendment, Iam not going to deal at 
great length on the subject of legisla- 
tive needs for our industry but I would 
like to mention a few thoughts that 
could havea great effect upon all of us 
present here today. Some of these 
thoughts are as follows: (1) Protect 
open shop highway contractors; 
(2) Protect engineers from the union; 
(3)Realistic wage scales; (4) Insurance 
costs; (5) Taxes. Any of the above 
listed items could materially affect the 
cost of ourdoing work. For example, 
should we be forced into wage scales 
of the magnitude of the building trade 
for highway contracts, then we will 
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have lost tremendous ground in our 
construction program, notwithstand- 
ing any additional funds that may have 
been made available. 

I think the present method of taking 
bids is sound and have only one 
suggestionto make. Idonotthink this 
isthetime or place for any full-scale 
discussion, butI would like to present 
a point to seeifit will stimulate future 
thought and perhaps discussion at a 
later date. My thought is thatthe state 
shouldinstitutea requirement that all 
bids must be submitted by mail and 
bids tobe opened must be postmarked 
at least the day before opening date. 
If time did not permit the opening and 
reading of all bids onthe first day then 
the opening and reading would be 
continued on the second day until all 
bidsare read. This perhaps may not 
be inaccordance with present law and 
it may never happen, but my reasons 
are: (1) There is a tremendous pres- 
sure onallbidders on the night before 
a letting. Many material prices are 
not stabilized until the wee hours of 
the morning and many times it is 
necessary to work all night in order 
to properly prepare a bid; (2) It is 
necessary to virtually establish a 
temporary office in Austin for each 
letting. We enjoy coming to Austin 
but feel that any bidder can do more 
competent work in his own office with 
his own office personnel and office 
machines; (3) We love the peddlers 
when we need them, but there is a 
tremendous gathering in Austin for 
CocCiaretting= and, ay lot "oltmpeopic 
actually come to sell, entertain; or 
be entertained and not to bid work; 
(4) Some bidders in the heat of ex- 
emement sare inclined to! bid tthe 
second day against some _ other 
contractor's prices of the preceding 
day although job conditions may be 
entirely different. This eratic bidding 
usually results in a nonprofitable 
venture forthe contractor and a lot of 
price for tiierengineer, 

Any time we get a group of engineers 
and contractors together the subject 
of enpineer-contractor’-relations 71s 
apttocomeup. A great number of us 
obtained our formal education in these 
same buildings hereatA & M College, 
andfrom some of the same personnel 
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who areappearing onthis program. A 
number of you have worked for con- 
tractors and a number of us have 
worked for the State Highway Depart- 
ment. I think it one of the greatest 
fallacies of our time to feel that con- 
tractors are the natural enemy of the 
engineers and vice-versa. Actually I 
believe that among the supervisory 
personnel in our company we have a 
higher percentage of college-trained 
engineers than exists in the average 
highwayresidency. Ifeel that the re- 
lation betweenthe contractor engineer 
and state engineer should be that of a 
partership and when this relationship 
exists the best possible job can be 
done. There has been some excellent 
progress made along this line by the 
AGA S#HYO Meine tsa Ointe Copmnitttce 
work with thezA. Gl’ CG. 2On the omer 
hand an individual with a negative 


personality can hurt a job. This is 
true whether he is a_ contractor 
engineer ora State engineer. There- 


fore, I can only suggest that both 
contractors and the state concentrate 
on this phase of the problem and forget 
the old worn out subject, contractor- 
engineer relation. 

I am sure that you have noted a 
spirit of optimism in this paper when 
discussing the ability of the construc- 
tion industry to handle any expanded 
highway construction program, Iam 
confident the industry can and will 
handle any work of the future which 
may be offered for bids. Notice that 
I did not say which contractor could 
or would handle any expanded work 
because bidding today is highly com- 
petitive. We in the industry would 
not have it otherwise and there is one 
thing you can always be assured of. 
Any reduction in cost, whether due to 


vicious bidding, new and better equip- 


ment, contractors know-how, or some 
other source, will always be passed 
right back into the highway fund. You 
can't survive in this business unless 
you bid them hard. I have tried to 
mention a few points which show that 
I believe the construction industry can 
adequately handle your work in the 
future insofar as personnel, equip- 
ment, supply, etc. are: concerned. 
The question iS can you engineers 
offer the same? 
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Historical Background: In the field Henson K. Stephenson, Research Engineer 
of civil engineering it is sometimes A & M College of Texas 
difficult to realize how very recent College Station, Texas 


are the developments that took the de- 
sign of structures out of the hands of 
craftsmen and put it into the hands of 
scientists and engineers. Without 
going .into’ detail’ a’ little historical 
perspective ~can.*be established by 
pointing out that the first attempt to 
investigate the strength of any struc- 
tural member mathematically was not 
undertaken for more than a hundred 
years after the discovery of America 
in 1492 by Columbus. In fact it was 
MoOLrwruntil se atters. thes isettlement™ of 
Jamestown (1607), at about the time 
that the pilgrims landed at Plymouth 
Rock in 1620, that Galileo (1564-1642) 
undertook to investigate mathemati- 
cally the strength of a rectangular 
cantilever beam with a single concen- 
trated load at its end. Although the 
formula he derived was not correct, 
his investigation, which became known 
as "Galileo's Problem,'' serves to 
mark the beginning of present-day 
theory of structures based on the 
stress-strain relations in elastic 
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solids. 

For the next 200 years Galileo's 
problem remained unsolved until the 
first correct analysis was given by 
C. L. M. Navier (1785-1836) in a paper 
presented to the French Academy in 
1820 which from an historical stand- 
point is but a short time ago. Although 
the problem was not solved during 
this 200 years, the interval between 
Galileo and Navier was very important 
because it was during this time that 
the fundamental principles and meth- 
ods, upon which modern science has 
been founded, were discovered and 
developed. Among the more important 
events of this period were the devel- 
opment of the science of the calculus 
and formulations of the laws of motion 
by Sir Isaac Newton (1642-1727), which 
were published in his book "Principia" 
in 1687; the discovery in 1660 and pub- 
lication in 1676 of the law — now known 
as Hooke's law — by Robert Hooke 
(1635-1702), which established the re- 
lation between stresses and strains in 
a material, and the loads or forces 
required. to produce them? and the in- 
troduction of the concept by Thomas 
Young, (1773-1829) ani 807, ‘that each 
material had a characteristic modulus 
of elasticity. 

In the matter of compression mem- 
bers, it will also come as a surprise 
to many to learn that it was not until 
1744 — just a short time prior to our 
own American Revolution — that the 
first mathematical analysis of column 
action was developed and published by 
Leonhard Euler (1707-1783). Euler 
solved the the load- 
carrying capacity of an ideal column 


problem of 


made of a homogeneous material of 
section with position-fixed 
but unrestrained ends whose load is 
directed ‘along the ceéntroidal axis. 
Euler's however, does not 
take into account any initial crooked- 
ness or other imperfections, and 
makes no allowance for unavoidable 
eccentricity of loading. And though 


uniform 


solution, 
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the Euler formula indicates the ulti- 
mate load-carrying capacity of an 
ideal column under ideal conditions, it 
does not provide the means for ana- 
lyzing the actual stresses produced in 
practical members. Then it was over 
100 years before the next contribution 
to the mathematical analysis of col- 
umns was developed by H. Scheffler 
and published in 1858. In his develop- 
ment.of the Secant formula, he gave 
for the first time the complete solu- 
tion for an eccentrically loaded col- 
with equal eccentricities on the 
same side of its axis. Then after 
almost another 100 years the general 
solution for eccentrically loaded hing - 
ed end members was developed by 
D. H. Young and published in the 1936 
ASCE Transactions —- and that was 
less than 20 years ago. Even today 
much remains to be done because as 
yet no onehas published a satisfactory 
mathematical procedure for the stress 
analysis and design of fixed or re- 


umn, 


strained ended columns. 

It will definitely come as a sur- 
prise to many to learn that the first 
correct analysis of the stresses ina 
truss was developed but little over 100 
years ago by an American named 
Squire Whipple and published in his 
book, ''Work on Bridge Building" in 
1847. Whipple is also credited with 
having built the first all-metal railway 
bridge in the United States, which was 
completed in 1853. This bridge was 
constructed using cast-iron compres- 
sion members and wrought-iron ten- 
sion members because structural steel 
unknown at that time. The 
Bessemer process for making steel 
was invented in 1855 and the open- 
hearth process was invented a little 
later in 1861. However, the develop- 
ment of the steel industry was slow 
and wrought iron 
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nd cast iron re- 
mained the almost universal bridge 
metals until 1880; but between then 
and 1890 open-hearth steel came into 
vogue, supplanting wrought and cast 


iron almost entirely. 

The first railroads in the United 
States were built in the 1830's. They 
used horses for motive power and it 
required some time to demonstrate 
the steam locomotive to be more 
satisfactory and efficient. Once the 
steam locomotive was established and 
rail lines became longer, the demand 
for an abundant, strong, and inexpen- 
sive and bridges 
became more pressing. The develop- 
ment of the steel industry was in 
Presponse to’ these needs." The’ rail= 
roads opened up the Middle West and 
the Far West and by the late 1890's and 
early 1900's had penetrated the re- 
motest parts of the nation. Along with 
these developments had the 
telegraph, electric light, telephone and 
bicycle. The internal combustion 
engine had been invented and the first 
automobiles appeared in the late 
Povvs.o- ‘the foriginal’="'sood roads" 
movement was started in the 1870's 
and, contrary to present-day opinion, 
it was inspired by the bicycle rather 
fan >the the 
"good roads'' movement preceded the 
automobile by perhaps 20 years. 

Early Highway Loadings: And 
what, one may ask, do the preceding 
historical developments have to do 
with highway loadings? The answer is 
that they not only serve to show the 
progressive combinations 
which provided the conditions neces- 
sary to the 
loadings but also to emphasize the 
fact that modern science and engi- 
neering are of'very ‘recent origin. 

The opening up of the Middle West 
and North West was accompanied by 
the development of a mass-production 
type of agriculture conducive to large- 
scale operations and mechanization 
which was in sharp contrast to the 
diversified types of conventional agri- 
culture of the East and South. Farm 
mechanization began in the middle 
west in the 1890's when self-propelled 
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generation of highway 


steam engines weighing ten to fifteen 
introduced for ploughing, 
onde sother | agcicultural 
operations. Upoto'thisstime,. such 
highway bridges as had been built 
were designed for live loads consist- 
ing of people, herds of cattle, and an 
occasional wagon of perhaps no more 
than three or four tons. But the farm 
engines;schanged sallnthiss jl he need 
for moving these engines from farm 
to farm created the demand for better 
roads stronger esbridges, == Lhe 
growth of the automobile a little later 
also served to intensify this demand. 
Consequently, several of the mid- 
western states took the lead in organ- 
izing their state highway departments 
in the early 1900's. 

From this time on until the Bureau 
of Public Roads was organized in 1919, 
highway bridges were sometimes de- 
signed for a single ten- or fifteen-ton 
some - 


tons were 
thrashing, 


and 


farm "énpine orviroad roller, 
times for a ten- or fifteen-ton farm 
engine together with a uniform live 
load over the entire bridge; and some- 
times for either a ten- or fifteen-ton 
farm.engine or a uniform live load of 
somewhere tbetweenm forty? to) sone 
hundred p.s.f. of roadway, which ever 
produced the greater stress. In gen- 
eral, the farm engine design loading 
consisted of two axles spaced about 
ten feet apart with two-thirds of the 


load on the rear axle and wheels 
spaced six feet apart laterally. Some 
variation of these design loadings 


obtained untilthe new standard H-truck 

loadings were introduced by the AASHO 

invabout 192 3. 
Development of 


Present Design 


Loadings: The American Association 
of State Highway Officials, usually 


referred to as the AASHO, came into 
being shortly after the Bureau of 
Public Roads was created in 1919. 
The AASHO Committee on Bridges and 
Structures was organized in 1921 and 
immediately set about the enormous 
task of preparing standard specifica- 
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tions for highway bridges and defining 
the standard live loads to be used for 
their design. By 1923, the live load 
to be used for bridge design was de- 
fined by the AASHO as a standard 
truck consisting of two axles spaced 
fourteen feet apart with 0.8 of the load 
on the rear axle and wheels spaced six 
feet. apart ‘laterally.+ This, inciden- 
tally, is the same as the Standard H- 
truck prescribed for bridge design by 
present-day AASHO _§ specifications. 
For example, an H fifteen truck is a 
fifteen-ton truck with twenty-four kips 
on the rear axle and eight kips on the 
irontgaxiet 

The work of compiling bridge 
specifications began in 1921 with the 
organization of the Committee on 
Bridges and Structures of the AASHO. 
Soon after this certain parts, andlater 


all, of the standard specifications for 
bridges were available in mimeo- 
graphed form. However, it was not 


until 1931, a little over twenty years 
ago, that the first standard specifica- 
tions for highway bridges appeared in 
printed form. At this time highway 

were of; _ three? classes; 
Hy20s; Hoabd, wand: Hl 04 4-Bor 
short spans (less than sixty feet) one 
design truck would be placed in each 
lane at such places as to produce the 
greatest stress effects. By this time 
also the number of heavy trucks on the 


loadings 
namely, 


highway was sufficiently numerous to 
Warrant considering the probability 
that more than one heavy truck would 
occur in each lane at the same time. 
So in anticipation of very much in- 
creased truck traffic in the future, the 
AASHO introduced what was called the 
"truck train loading'' in the 1931 spe- 
cifications for use in the design of 
bridges 
length. 

This truck train loading consisted 
of one truck of the gross weight indi- 
cated by the loading class followed 
and/or preceded by a line of trucks of 
indefinite length, each having a gross 


in excess of sixty feet «in 
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weight of three-fourths of the weight 
indicated by the loading class. In 
this truck train there is one truck 
for each. forty-four feet along each 
lane of the roadway; or, the front axle 
of each truck is thirty feet from the 
rear axle of the preceding truck and 
the, rear ‘axle. of each,truck-is thirty. 
feet diromethe .fronti axle sotuthe next 
following truck. For example, the 
truck train for the H 15 loading would 
consist of one H 15 truck. preceded 
and/or followed by anindefinite number 
of H 111/4 trucks in each lane, spaced 
as indicated, and all trucks in adjacent 
lanes are considered to be headed in 
the same direction. 

For design purposes, the use of 
such a truck train would necessitate 
many long and tedious calculations. 
To simplify the computations incident 
to design, therefore, the 1931 speci- 
fications also introduced a new type of 
loading, defined as "equivalent load- 
ing,'' that would produce approximately 
the same stress effects as the truck 
train. For example, the H 15 equiva- 
lent loading consists of a uniform load 
of 480 pounds per foot of traffic lane 
combined with a single concentrated 
lead of .13.5.-kips for,moment-(h9.5 
kips for shear) so placed as to produce 
maximum stress. 

From, time to.time;.since. the-first 
printed specifications in 1931, the 
AASHO has issued four revised edi- 
tions of its specifications. However, 
for the introduction of the 
truck-tractor semitrailer designtruck, 
known as the standard H-S.truck, in 


except 


the 1941 specifications and a few 
minor revisions pertaining to the 
use of the equivalent loadings, the 


present design loadings of the AASHO 
are substantially the same as those 
given by the 1931 specifications. 
Concern Regarding Adequacy of 
Bridges: During World War II, both 
the numbers and the weights of heavy 
trucks using the highway had increased 
far beyond anything that had been 


anticipated in the 1920's and 1930's 
when a major portion of the nation's 
highways had been built. The number 
of trucks had increased from about 1.1 
million in 1920 to about 4.6 million in 
1940 and Figure 1 shows how average 
vehicle weights have increased through 
1949 as compared with a prewar year. 
Figure 2 shows for the United States 
the number of gross weights of 30,000 
pounds or more, 40,000 pounds or 
more, and 50,000 pounds or more per 
1,000 vehicles from the prewar years 
(generally 1936 or 1937 through 1949). 
The trend in frequency of these load- 
ings has 
the present time at about the rate in- 
dicated through 1949. 


Along withthe tremendous increase 


continued to increase until 


in the number and weight of heavy 
trucks, 
in the frequency of heavy axle loads. 


there has been a similar rise 


This can be seen from Figure 3, which 
shows the number of axle loads of 
18,000 pounds or more, 20,000 pounds 
or more, and 22,000 pounds or more 
per |, 000 vehiclesifor the years 1942 
through 1949 as compared with a pre - 
war year. 

As a result of these trends in high- 


way loadings, bridge engineers and 
other highway officials have become 
increasingly concerned with regard to 
the safety and load-carrying capacity 
of the nation's bridges and other high- 
way structures. In an effort to shed 
some light on these matters a number 
of studies undertaken by the 
Texas Engineering Experiment Station 
in cooperation with the Bureauof Pub- 
lic Roads the 
heavy truck types and loadings using 
the highways and their stress produc- 
ing effects on highway bridges. These 
studies have resulted in the publica- 


tion of several Engineering Experi- 


were 


concerning various 


ment Station Bulletins which contain 
tables and charts by which the stress- 
producing characteristics of most any 
heavy vehicle on the highway can be 
quickly and accurately determined. 
Lie atingtegOtisthe se, ls. bullemn 12 (, 
"Method of Converting Heavy Motor 
Vehicle Loads Into Equivalent Design 
Loads on the Basis of Maximum 
Bending (Moments. Sethe second pand 
third of this series are Bulletins 131 
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TRUCK COMBINATIONS 


and 135 on the basis of maximum 
shears and floor beam reactions, re- 
spectively. 
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NUMBER OF HEAVY AXLE LOADS PER 1,000 TRUCKS 
AND TRUCK COMBINATIONS (EMPTIES INCLUDED) 
IN THE SUMMERS OF 1942-49 AND A PREWAR YEAR 
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In addition to these studies, the 
author presented a paper at the annual 
meeting “iof the AASHO” heid*in san 
Antonio, Texas; October 10-13, 1949; 
"Determination of Permissible Vehicle 
Weights on Bridges of H Loading De- 
sign,''in which arather simple method 
is developed for determining permis- 
sible” vehicie loads. ~"[hts’ paper= is 
published in the AASHO Proceedings 
for 1949. In this paper it is shown 
that the maximum permissible weight 
on any group of axles, such that it 
would not produce more moment on 
any span than a standard H design 
loading of given designation, can be 
estimated rather accurately by use of 


the following equation (Eq. 1) 
Z 
We C + La/4 - \ La/4 
in which 


W = Maximum weight in kips on any 
group of axles such that it will not 
producé’; more” live’ load momenumson 
any span than a standard H-design 


AXLE - GROUP - LOADS ON BRIDGES OF H LOADING DESIGN 


GRAPH SHOWS MAXIMUM PERMISSIBLE WEIGHTS ON ANY GROUP OF AXLES 
WHICH, FOR ANY NORMAL DISTRIBUTION OF LOAD, WILL NOT PRODUCE 
MORE MOMENT ON ANY SPAN THAN THE H LOADING INDICATED 


WEIGHT OF AXLE GROUP — KIPS 


OUTSIDE AXLE SPACING OF ANY GROUP OF AXLES — FEET 


Figure 
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loading corresponding with the lane 
loading constants, C and a, in Equa- 
tion |, 

L = Distance 
extremes of any group of axles. 

C = Concentrated load (for moment) 
in kips corresponding to H-lane load- 
ing de signation under consideration. 

a = Uniform load in kips per foot 

corresponding to H-lane loading de- 
signation under consideration. 
Note: If pounds instead of kips are 
used for the constants C and a in 
Equation 1, the weight, W, will also 
be in pounds. 

The permissible axle-group loads 
indicated by Equation 1 for bridges of 
given H-loading design are shown 
graphically in Figure 4. 

In Figure 4 it will be noted that the 
axle-group 
the AASHO 
correspond 


in feet between the 


maximum permissible 
loads recommended by 
Policy of April 1946, 
approximately to an equivalent H 21.5 


truck, In connection with Equation 1, 


it will also be noted that the length of 


bridge span does not enter into the 
determination of permissible axle- 
group loads. The only things that do 
enter into such determinations are the 
wheel base L of the axle-group or 
vehicle and the constants C and a, 
corresponding to the H-loading design 
designation consideration. 
Incidentally a brief discussion of 
Equation 1 and Figure 4, together 
with a table of values corresponding 
with Figure 4, are given in Engineer - 
ing Experiment Station Bulletin 127, 
mentioned above. 

Highway Loads on H 15 Bridges: 
The vast majority of existing highway 


under 


Truck No. of 
Type Axles 
2 % 

3 oS 
2-Sl 3 
inte 4 
3-S2 5 
3-3 6 


bridges in the United States were de- 
signed and built in accordance with 
standards which correspond approxi- 
mately with present H 15 design of 
AASHO. The replacement cost of 
these bridges would probably be no 
less than 8 or 9 billion dollars, and 
for this reason these existing bridges 
are not likely to be replaced for many 
years *tomcomes sfherefore it is iex- 
tremely important that all interested 
parties understand and appreciate the 
loading limitations indicated for 
bridges of H 15 design. 

In response to this need the Engi- 
neering Experiment Station developed 
a method for determining the degree 
of overstress or understress produced 
by equivalent design loadings on 
bridges of given design designation. 
These studies resulted in the publi- 
cation of Bulletin 132, "Stress Pro- 
ducing Effects of Equivalent Design 
Loads on Modern Highway Bridges," 
by Henson K. Stephenson and Kriss 
Cloninger, 1953. This bulletin shows 
thats thes| degree ‘of 
understress indicated by the design 
stress ratio X, or per cent of design 
stress, 
simple straight line equation. Bulletin 
132 also presents a rather complete 
study of the maximum bending stress 
effects produced in simple span deck 
girder bridges of H 15 design by six 
heavy vehicletypes, each representing 
the average of the ten heaviest vehi- 
cles of the type among those reported 
by the nation-wide loadometer survey 
of 1942. The sizes, weights, and 
other data pertaining to these six 
heavy truck types are as follows: 


overstress or 


can be determined by a very 


Wheel base Gross Weight 

feet pounds 
14.3 35, 306 

i eyes: 49, 673 
32.2 b>, 399 
crest 63, 266 
a0 75, 650 
52.3 86, 380 
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The bridges selected for this study 
consist of a concrete deck of minimum 
thickness supported by unencased steel 
beams which are so spaced that the 
maximum live load bending stress 
produced in an interior stringer by a 
single vehicle in one lane only will 
amount to 75 per cent of that produced 
by identical vehicles in each lane 


simultaneously. The reason for se- 


90 
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NOTE: THESE CURVES APPLY 
TO. BOTH ~MAXIMUM 
MOMENT AND TO 
MAXIMUM SHEAR 


PERCENT OF TOTAL STRESS 
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Figure 5 
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‘ures 6:1, 


lecting this type of construction is 
because the ratio of dead-load stresses 
to total design stresses is smaller 
than would obtain for any of the heavier 
types of construction. Therefore any 
conclusions arrived at concerning the 
effects. of a given 
vehicle on any particular bridge will 
tend to be on the conservative rather 
than the unsafe side. 

For this 
construction, 


stress -producing 


minimum type of light 
the ratio of dead-load 
stress to total design stress and the 
ratio of live load plus impact stresses 
to total design stress for each span of | 
HeildScidesigon- upsto sl00ifeetqam length 
substantially the 
indicated by the curves. given in Fig- 


are same as those 
Utes 5. 
With the information given in Figure 
5, it is explained in Bulletin 132 how 
the per cent of design stress produced 
by each of the above-mentioned six 
heavy trucks on spans up to 100 feet is 
determined for each of:the four load- 
ing conditions, defined as follows: 
Case 1: One vehicle in each line 
with full allowance for impact. _ 
Case 24e0One 


vehicle in one lane 


with full allowance for impact. 


Case 3: One vehicle 

with no allowance for impact. 
Case 4: One 

with no allowance for impact. 

The per cent of de Sign stress produced 


by each of the 


in each lane 


vehicle in one lane 


six heavy trucks on 


each 
Cases l, 


span length 
2, 3, andi 41s piven*by no 
6.2, 6°3>°and"“6r 4 


corresponding to 


respec- 
tively 

In Figures 6.1 - 6/4, 
will be seen that under the most se- 
vere conditions of loading — that is 
Casey iy 
each lane in exactly the proper posi- 
tion for maximum moment and with 


inclusive, it 


when one vehicle is placed in 


full allowance for impact — the maxi- 
mum overstress produced by any of 
these vehicles on any span is 32 per 
cent... This maximum, overstveecna: 


32 per cent would be produced on a 


STRESS PRODUCING CHARACTERISTICS OF SIX HEAVY VEHICLE 
TYPES REPRESENTATIVE OF HEAVIEST VEHICLES REPORTED 
BY THE 192 LOADOMETER SURVEY 
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Figure 6.1 
Case 2: One vehicle in one lane with full allowance for impact. 
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Figure 6.2 


60-foot span if one of the Type 3-S2 
trucks were placed in each lane simul- 
taneously with full allowance for im- 
pact. For Case 2, however, with one 
vehicle in one lane only with full 
allowance for impact, it will be noted 
that the overstress nowhere exceeds 
the Ill per cent overstress which 
obtains for the Type 3-S2 truck and 
the Type 3-3 truck on the 60 and 80 
foot spans, respectively. AS eaL, 
incidentally, is believed to represent 
approximately the most severe condi- 
tion of loading likely to be encountered 
under ordinary traffic conditions. 
Actually though, under ordinary traffic 
conditions on main rural highways, 
with pneumatic tires and smooth road- 
way, it would seem logical to assume 
that the actual stresses produced 
would be somewhere between those 


STRESS PRODUCING CHARACTERISTICS OF SIX HEAVY VEHICLE 
TYPES REPRESENTATIVE OF HEAVIEST VEHICLES REPORTED 
BY THE 1942 LOADOMETER SURVEY 


Case 3: One vehicle in each lane with no allowance for impact. 
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Case lh: One vehicle in one lane with no allowance for impact. 
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indicated for Case 2, with full allow- 
ance for impact, and Case 4, with no 
allowance for impact. 

Owing to the fact that the AASHO 
specifications permit stresses equal 
tol wlSOm pers.centy,.of; normal desien 
stresses in H 15 bridges to accommo- 
date an unusually heavy single load 
occasionally, it will be seen that none 
of the six heavy trucks investigated 
would produce rh wees s a Wn Re Kes) 
bridge that would be considered criti- 
cal even under the most severe load- 
ing IMNCiGaleu a ttease wi 
beaguvembyal. | A careful study.of the 
sizes and weights of these six heavy 
trucks and the stresses they produce 
in H 15 bridges will undoubtedly gene- 
rate considerably more confidence in 
the serviceability and load-carrying 
capacity of bridges of H 15 design. 
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With this Twenty-eighth Annual 
Highway Short Course we_- are 
beginning to follow a plan for our 
program whichis materially different 
fromthat of recent years. The group 
sessionplan, which we are using this 
year, is a start along the road which 
we hope to travel during the coming 
years. 

Early in the spring of this year a 
group from the College met with 
officials of the Highway Department 
in Austin. At this meeting the 
possibilities and shortcomings of our 
Highway Short Course were thoroughly 
discussed. Asaresultit was decided 
to change the type of program and the 
emphasis in the hope that those who 
attended would obtain more value from 
the Short Course program. This 
program which we have begun today is 
the first of the type settled upon. 
program is admittedly atrial program 
and we hope that all of you will tell us 
what you do or do not like about it. 
Any suggestions that you have for 
improvement of future programs will 


This: 


be most welcome. It was further 
decided that in our future programs we 
would utilize the services of the 
college staffs of this and other 
colleges, peoplefrom contractors and 
materials organizations, and those 
from outside the state particularly 
qualified in various fields as well as 
many people from our State Highway 
Department. With the return of the 
Short Course to the spring of the year 
in 1955 we also will try to secure a 
maximum of student attendance at the 
programs with the thought that this will 
be of mutual benefit to all concerned. 
We hope by so doing to create addition- 
alinterest in the highway field among 
the students and to give them an 
opportunity. to mingle) withmetne 
practicing engineers of the state. 

We have two major objectives for 
the Short Course program ingetne 
future. First we want to give sthe 
program just as much _ educational 
value as we possibly can for the time 
allottedtoit. Much can be learned in 
three or four days time when the 


Fred J. Benson, Professor 
Civil Engineering Department 
A & M College of Texas 
College Station, Texas 
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engineer is free from the problems of 


his ordinary work day and can concen- 
trate on a subject in which he has a 
vital interest. Secondly, we want to 
get just as much individual participa- 
tion in the discussion of the subjects 
under studyas we possiblycan. There 
are many good ideas tucked away in 
the back of your minds which you have 
been hesitant to present. We want to 
break down any misgivings that you 
have and get these ideas into the open 
so that others may benefit from 
them. 

In order to have an educational 
program we must have a popular 
program, inother words, one that you 
men will want to come to. The good 
fellowship which you have here, the 
opportunity to renew acquaintances 
and to discuss problems of mutual 
interest are very valuable features of 
this Short Course. If the discussions 


here can bring you new developments 
and new ideas in your major field of 
interest and if, in addition, we can 


also incorporate your thoughts the 
program will be more valuable to you 
as individuals and to highway 
construction in this great State of 
Texas. 

Development of a program for each 
Short Course will not be an easy 
matter. The cooperation of all 
interested people must be obtained if 
we are to have the type of program 
which I feel all of us want. You men 
must let those in charge of program 
arrangements know what you are 
interested in, where your problems 
lie and what phases of highway 
engineering you need to know more 
about, Itis my thought that the program 
for each {leid of ‘technical’ interest 
should be developed by and for the 
people in that field. For example, if 
we have a group from the Bridge 
Division who desires to study the mat- 
ter of design of prestressed bridges or 
bridge foundations they should have an 
opportunity to do just that. Another 
group from your expressway offices 


might want to study the design of 
entrance andexitramps. Stillanother 
group might wantto study methods for 
field control of compaction of sub- 
grades and base courses. In our 
program arrangements opportunity 
will be provided for this to be done 
and the College incooperation with the 
Highway Department willtryto get the 
best available talent to instruct and 
leadthe discussions. There has been 
some indication that the Short Course 
program may be valuable to the 
contractors of the state. Our 
Engineering Extension Service has 
had conversations with two contracting 
organizations regarding the possibil- 
ity of providing technical training to 
some of their supervisory personnel 
in the fields of bituminous pavements 
andeSoil mechanics... Itvis, entirely 
possible that the demand for this type 
of service can be met as a part of the 
program ofthis Short Course. We are 
very much interested in any thoughts 
which our highway contractors have 
concerning subjects for our program 
which willbe of most interest to them. 
It is our desire to weld all elements 
of the highway industry, design, 
construction, and maintenance into 
the program. This will give the best 
balance and should yield the most 
valuable program for all concerned. 
What we need from the field in order 
to prepare the best possible program 
isa continual flow of ideas along with 
abitof tolerance if we are not able to 
work your thoughts into the first 
available program. Do not hesitate 
to write at any time and give us your 
thoughts. 

The participation phase, our second 
objective, is entirely up to those of 
you who attend the Short Course. Many 
engineers, and 1am as guilty as any- 
one, are hesitant to speak out in a 
group of morethantwoor three. This 
is bad for the individual and bad for the 
profession. Inall lines of engineering 
activity we need more vocal activity 
by those who areengaged. If you don't 
agree with what has been said, stand 
on your feetand say so as an engineer 
and a gentleman. If you can add 
something to what has been said, do 
so. With the smaller group meetings 
we are trying to give all a chance to be 
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a part of the Short Course program and 
sincerely hope that most of you will 
do so willingly. We want the young 
fellows to sow their wild ideas and 
the older experienced heads to squelch 
them if they can. We believe all will 
learn in the process. 

Many things of value cancome from 
a program suchas this, Inthe program 
this time we are going to talk about 
Joint Seals for Concrete Pipe 
Culverts. ‘It has nevér occurred ito 
me that this particular operation 
warranted further study. A little 
discussion with several whom I knew 
indicated that Iwas wrong. There is 
some weight of opinion to support the 
idea that there may be better and 
cheaper ways of doing this job than 
that calledfor in the Highway Depart- 
ment's Standard Specifications. Out 
of a study and discussion of the various 
methods in use may come a recom- 
mendation for a change in the 
specifications which will save the 
State Some money and allow you to 
build or rebuild a few more miles of 
road per year. The greatest value, 
however, lies in the possible benefits 
which may accrue to the individual. 
Ithas always been my thought that the 
people in an organization make that 
organization. For building and 
maintaining highways we have here in 
Texas the finest Highway Department 
and the finest group of Contractors. 
Inthis Short Course we can add a little 
to the knowledge of our people, we can 
make definite advancements, and we 
will be better. 

Our future plans anticipate that the 
Short Course will open on Monday or 
Tuesday with a general session 
covering topics of wide interest to 
those engagedinthe highway field just 
as we have done here today. We will 
then have three or four days of 
individual technical sessions which 
may be devoted to almost any subject 
under the sun which is important to 
highway people. The facilities and 
laboratories of the College will be 
available for these technical programs 
So that almost any type of instruction 
or group study will be possible. We 
want to make this Short Course a real 
Sat of the highway program for this 
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WEDNESDAY, SEPTEMBER 8 


All meetings in Memorial Student Center. 
~ Rooms are shown by name or number. 


PAVEMENTS SECTION 


Morning: Ballroom 


Chairman: Spencer J. Buchanan, Professor 


9:00 


11:00 


Soil Mechanics and Foundation Engineering 
A & M College of Texas 


Compaction, Principles, and Relation to Strength 
W.H. Moore, Senior Research Engineer 

Texas Highway Department 

Austin, Texas 


I.E. Hunt, Soils Engineer 
Texas Highway Department 
Austin, Texas 


Use of Heavy Pneumatic Rollers 
Professor Spencer J. Buchanan 
A & M College of Texas 


Afternoon: Ballroom 


Chairman: Professor Spencer J. Buchanan 
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3:00 


Triaxial Procedure for Flexible Pavement Design 
Chester McDowell, Senior Soils Engineer 


Texas Highway Department 


Austin, Texas 


Design of Cross Section as Influenced by Edge Failure 
Problem 

A.C. Kyser Jr., Assistant District Engineer 
Texas Highway Department 

Houston, Texas | 
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Miele 


has described the compaction 


This discussion contains nothing 
new except a new look at some old 
Let us begin witha definition 

the stability of soil is its 


facts. 
The previous speaker 


Hunt, 
of stability. For the purpose of this 


of soils. 
discussion, 


W.H. Moore, Senior Research Engineer 


Texas Highway Department 


Austin, Texas 
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loaded beyond its ultimate 
actually fails by shearing 
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> 


It..is- essentially true thatagsor 


structure 
strength 


ae 


iT 


loading. 
asoilhas a shearing strength. 


along some interior surface or 
surfaces. Its stability depends upon 
the resistance to shear developed 
along the most dangerous surface, 
under the particular conditions of the 
Itis not accurate to say that 
It has 
just as many shearing strengths as 
there are degrees of pressure per- 
pendicular (or normal) to the plane of 
Shear. Most of you probably are 
entirely familiar with shear diagrams, 
but for the benefit of those who have 
not been using them recently, it may 
be well to review the subject briefly. 
It is easier to visualize the .direct 
Shear test than other methods. The 
first figure represents such a test. 
The apparatus consists essentially 
of a rectangular metal box cut in two 
horizontally, the lower half being 
fixed rigidly while the upper half is 
attached to a horizontal pulling 
mechanism and a load-measuring 
device. A second loading device 
applies a _ selected, constant load 
normal to the plane of shear, that is, 
vertically. The soil specimen com- 
pletely fills the box. The horizontal 
Shearing load is increased until the 
specimen fails. The test is repeated 
with new specimens at _ several 
different: normal: stresses; .that is, 
perpendicular to the plane of shear. 
The results are plotted as shown in 


the figure. All are highly idealized 
for purposes of illustration. Figure 
la is typical of a clean, sandy 


material with no cohesion, and no 
strength unless confined by some 
normal pressure. The internal 
friction produces an increase in 
Shearing resistance as the normal 
stress Gis anereasediy)Figure-sip 
illustrates a very fat clay material 
having cohesion which, theoretically, 
is an inherent quality not affected by 
pressure normal to the shear plane, 
and having no internal friction to 
increase the shearing resistance as 
the normal stress increases. Actually, 
a material with zero friction is rare. 
Figure lc illustrates a material having 
both cohesion and friction, suchasa 
good sandy clay soil. 

Another method of determining the 
Shear diagram, namely, the triaxial 
compression test, is employed by 
those who feel that the rigid shear box 
has a large, adverse effect on test 
results. Inthe triaxial testa constant, 
all-around pressure is applied to the 
Specimen through a rubber diaphragm, 
at the same time, a constantly in- 
creasing vertical pressure is applied 
until failure occurs. By testing a 
series of nearly identical specimens 
at various different lateral pressures, 
and plotting the test results in Mohr's 
diagram ofstress, the shear diagram 
or ''rupture envelope’ may be obtained. 

The upper portion of Figure 2 
illustrates Mohr's diagram of stress, 
a graphical procedure worked out 
many years ago by Professor Otto 
Mohr. The mathematical derivation 
of the figure has been checked 
thousands of times and need not be 
discussed here.. For our. ‘present 
purpose it is sufficient to consider 
how it is constructed and what it 
indicates. Onthe horizontal axis mark 
the points that represent the lateral 
pressure and the ultimate vertical 
strength of one test specimen. With 
the distance between these points as a 
diameter, construct a circle (in this 
case a semi-circle will be enough). 
Each point onthe circle represents the 
shear stress and the normal stress at 
the instant of failure on the planes 
which make some particular angle with 
the direction of the major principal 
stress (inthis case the vertical stress), 
The point at which the ultimate vertical 
stress was plotted represents the 
plane of the major principal stress. 
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The point directly above the center 


of the circle represents a plane making 


an angle of 45 degrees with the plane 
of the major principal stress, and the 
point at which the minor principal 
stress (lateral pressure) was plotted 
represents a plane tilted 90 degrees to 
the plane of the major principal stress. 
There is one plane on which the shear- 
ing resistance barely equals the 
shearing stress, indicated by the outer 
end ofthe dotted radius. Ina similar 
manner, stress circles are plotted for 
each specimen tested. Draw _ the 
common tangent to the circles and 
you have the shear diagram for the 
materialtested. If a large number of 
tests resulting in ultimate failure are 
made and a large number of stress 
circlesare drawn, a sort of envelope 
is formed. This envelope is called 
Mohr's line of rupture and it shows 
the relation between the ultimate 
Shearing strength and the normal 
stress at the instant of failure on any 
plane. In the previous figures, for 
Simplicity of illustration, we have 
Shown the idealized, straight line 
rupture envelopes which conform to 
Coulomb's hypothesis. -In- actual 
practice, the rupture envelope is 
seldom straight and Mohr's line of 
rupture, which does not necessarily 
conform to Coulomb's hypothesis, is 


realistic. There are three points to 
be noted: 
i] vAny? -combination’ .of normal 


stress and shearing stress which 
would be plotted above the line of 
rupture would cause failure of the 
material. 

2. Any combination of normal 
stress and shearing stress which 
would be plotted below the line of 
rupture would not cause failure. 

3. The most dangerous plane is not 
necessarily the plane on which the 
greatest shearing stress occurs for 
this plane usually has an excess of 
shearing resistance. Refer to upper 
Figure2. Theplane on which Shear- 
ing stress equals shearing resistance 
is the most dangerous condition. 

To return momentarily to’ our 
idealized illustrations, refer to Figure 
3. The rupture envelopes of the typical 
materials, determined by triaxial 
compression tests and Mohr's 


0 Ge. 


diagram of stress would appear as 
indicated. 

The combined stresses, that is, 
major and minor principal stresses, 
which occur at each of a series of 
points on a given level within a soil 
mass, as a result of applied loads, 
may be estimated mathematically. 
stress circles ’ representing these 
combinations. of - stress” may’ be 
plottedfor all points on a given level, 
and one may drawanenvelope which 
encloses all of them and which repre- 
sents the upper limits of the applied 
combinations of stress. The shape 
of such envelopes is similar to the 
fine lines inthe shear diagrams which 
will follow. 

We have waded through a slough of 
technicalities but perhaps it was worth 
itfor we have come out witha criterion 
by which we can judge the stability of 
soils, namely, the rupture envelope. 

The soil specimens used in these 
tests were compacted with certain 
compactive efforts known to be obtain- 
able in construction, then were 
subjected to dry curing (except crack- 
ing soils) and finally were subjected 
to capillary absorption under condi- 
tions «of restraint” that * closer, 
resemble field conditions. Specimens 
were tested only after they had reached 
an equilibrium with their environment. 

Consider Soil No. 39-7-MR, a very 
sandy soil from Austin County. Five 
different compactive efforts were used 
to determine the moisture-density 
curves ShowninFigure4. The lowest 
compactive effort, 3.98 foot pounds 
per cubic inch of specimen, is approx- 
imately equal to six-tenths of the 
standard**AvA.S. H?) OF compaction 
The others are about 1, 2, 3, and 4.4 
times the standard A. A.S.H.O. com- 
pactive effort. Obviously, we do not 
continue to obtain equal increases in 
density for equal increases in com- 
pactive effort. But what of the stability 
of the soil at these various conditions ? 

Figure 5 shows Mohr's diagram of 
stress for the largest (dotted lines) and 
the smallest (solid lines) compactive 
efforts. Intermediate compactions 
were omitted from the diagram to 
avoid crowding. All of the rupture 
envelopes were ther transferred to a, 
Shear diagram (Figure 6) which is 


essentially the classification chart 
used in flexible base design. The 
soil class numbers are the same. It 
will be noted that there is a fairly 
steady increase in stability for each 
increase in compactive effort. Each 
rupture envelope is higher than the 
previous one. At the greatest com- 
pactive effort this soil, which contains 
no coarse aggregate, is within the 
lower portion of the class usually 
described as second class base ma- 
terial. There was no measurable 
swell as the specimens absorbed 
capillary moisture. | 

A similar procedure has been 
followed with Soil 47-934-E, a good, 
sandy soil from Goliad County. Only 
three compactive efforts were em- 
ployed, equivalentroughlytol, 2, and 
3 times the standard A.A.S:.H.O. 
Pisure 7? shows the three: moisture- 
density curves, again with diminishing 
Pewmiens j50 Jar jas tdensity iaione*'is 
concerned. Omitting the Mohr's dia- 
sram we go directly to the rupture 
envelopes representing specimens 
from the peaks of the three compaction 
curves. See Figure 8. There.has been 
continuous improvement in shearing 
strengths at all normal stresses as 
compaction has -increased. Again, 
there was no swell due to absorption. 

The next soil tested “was No. 
47-935-E, a sandy loam soil from 
Goliad County. The moisture density 
curves are shown in Figure 9. The 
density-for-compactive-effort picture 
is about the same. However, Figure 
10 shows a departure from. the 
response of the previous soils. At the 
highest compactive effort there was a 
considerable absorption of capillary 
moisture and measurable volumetric 
swell, The failure of Shear strength 
to increase makes... the . highest 
compactive effort uneconomical. 

soil. 47-936-E- is slightly more 
plastic thanthe previous soil. Figure 
11 shows the three moisture-density 
curves. Figure 12 reveals thata slight 
increase in Stability resulted from the 
greatest compactive effort in spite of 
a little volumetric swell. Some desir- 
able characteristic of this soil must 
have compensated for the swell. How- 
ever, the improvement is not of a 
large order. 


Let us now considera truly plastic, 
heavy, claysoil. Lab. No. 39-11-MR 
represents the widespread black waxy 
soil "or Texas (technically;> it -“is 
Houston Black Clay). Tests at low 
compactive efforts soon revealed the 
nature of this material so that it was 
unnecessary to attempt higher com- 
paction. Figure 13 shows three groups 
of specimens compacted at three 
different compactive efforts, the 
highest of which is slightly greater 
than standard A. A.S. H.O. compaction 
and the next lower compactive effort 
isi slightly.* ‘Yess’ than “standard 
A.A.S.H.O. The lower right corner 
of the graph shows the condition of 
these specimens after a 60-day period 
during which they had reached an 
equilibrium with capillary moisture. 
The swell which accompanied absorp- 
tion brought about a sharp reduction 
infinal density. The rupture envelopes 
in Figure 14 indicate that the middle 
degree of compaction was worth while 
but the swell resulting from the highest 
compaction was destructive enough to 
reduce the final shearing strengths. 

Figure 15is a recapitulation. For 
this graph the shearing strength at 
20p.s.i. normal stress was selected 
because this) seems {0 ibe’ the 7most 
critical condition for these soils. This 
particular shearing strengthis plotted 
against the compactive effort neces- 
sary to produce it for each soil. 

It seems to be reasonably clear that 
increased stability resulting from 
higher compaction is profitable if the 
stability is permanent. Such increased 
Stability in foundation soils should 
increase the life span of the super- 
structure, and should permit the use of 
thinner surface courses. How perma- 
nent, thenis this increased stability ? 
What affects its permanence? 

Influences tending toward perma- 
nence are low moisture demand by the 
soil, protection from surface weather- 
ing, and heavy surcharge. The first 
two influences are fairly obvious. The 
third is of critical importance. No 
matter how activea soilmaybe, it can 
be restrained from swelling by a 
sufficient surcharge. In most highway 
structures sucha surcharge usually is 
not possible. A fourth influence should 
besetapartfromthe others. Work is 


age 


required to densify a soil. The par- 
ticles are wedged together, not simply 
compressed like a spring. They will 
not fly apart when the load is removed. 
In the absence of swell, a large 
quantity of work is required to destroy 
the compacted structure of a soil. It 
can be very stable. 

Adverse influences are high mois- 
ture demand, swell, weathering, and 
dry-weather cracking. Little can be 
done about the first two unless a very 
heavy surcharge can be applied. 
Weathering for the most part may be 
reduced by blanket layers. Thewriter 
is unable to suggest any satisfactory 
way to prevent dry-weather cracking. 

It seems reasonable to conclude that 
good, sandy soils, or even slightly 
loamy soils, will yield good increases 
in stability for increases in density, 
even beyond those densities which we 
now obtain. Active clay soils should 
be densified only to the extent that 
their condition can be maintained. 
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Compactionisapartof the process 
of converting a loose soil material into 
a coherent part of an engineering 
structure. Earthwork structures have 
been built 
civilization, but their controlhas been 
more of anart thana science. This 
art has been well knownto one or more 
ancient civilizations and forgotten by 
those who followed. 

The development of the science of 
control was spurred by the publication 
of the articles on the control of com- 
paction in earth dam construction by 


NMro ck nS Rrector 7 in wnpineering 
News Recordin 1933. In this article, 
Mr. Proctor described a Moisture- 
Density test procedure, using a blow 
of five and one-half-pound ram stroked 
through twelve inches 25 times on 
each of three layers, ina four-inch 
diameter, 1/30 cubic foot mold. (Note 
"stroked blow. "') 

The shape of the Moisture-Density 
Curve (Figure 1) is made up of three 
parts: the hydration, lubrication, and 
the saturationlegs. As pointed out by 
Mr. John McReainhis hypothesis, the 
physical character of the structure is 
different for material placed in each 
of the three conditions and continues 
to be different after drying and 
-36- 


since the beginning of 


rewetting. 

The “A,A,\s.;H Oa and A oaeeares 
Committees on Soils for Engineering 
Purposes picked up the work of Mr. 
Proctor and, changing the ram blow 
to a free-falling drop, wrote the 
AVA. SHH OA ees Moisture- 
Density Relation Test. 

The Corps of Engineers of the 
U.S. Army modified the A. A.S, H.O. 
Moisture-Density Test by changing 
the weight of ram to ten pounds, the 
height of fall to eighteen inches, the 
thickness of layer to one inch, and the 


number of layers to five, thereby 
increasing the compactive effort to 
four and one-half times the original. 

The A.A.S.H.O.-A.S. T.M. Test 
uses 6.56ft. lbs. /cu. in. delivered by 
a five and one-half-pound ram dropped 
twelve inches on each 1 2/3-inch 
layer. The modified test uses 29. 84 
ft. lbs. /cu.in. delivered by a ten- 
pound ram dropped eighteen inches on 
eachone-inchlayer. Both tests were 
limited in the 1/30 cubic foot mold to 
the minus 1/4 inch material. 

In the meantime, California had 
been using a procedure employing 
direct compression of soil materials 
into a six-inch diameter mold. The 
Corp of Engineers adopted the six-inch 
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diameter mold, but used the dynamic 
compaction method described above. 
They limited particle size to 3/4 inch, 
replacing oversize material with an 
equal weight of material passing the 
3/4 inch but retained on the 1/4-inch 
screens. This alteration of the ma- 
terial leaves something to be desired 
in that it changes the characteristics 
of the aggregate fraction. 

The following elements make up the 
Moisture-Density Test: 


must cover the compacted surface 
completely an equal number of times. 

Combining these elemental re- 
quirements we have developed the 
Moisture-Density Test, T.H.D.-83, 
using the ten-pound ram, a free fall 
of eighteen inches, six-inch diameter 
mold, the sector shaped compacting 
surface, and two-inch layers. This 
test is applicable to the range of 
soil-bound materials up to two inches 
maximum particle size which includes 


The weight of ram and the height of most of our specification base 

fall combine to produce the force of materials. 
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J.E. Hunt, Soils Engineer 
Texas Highway Department 
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the individual blow. 

Itishighly desirable to test the total 
materialin the gradation that is to be 
used in construction. 

The thickness of layer must be 
related to the compactive blow in such 
a way that the blow is effective 
throughout the layer. Also,~ each 
layer must be thick enough to contain 
the maximum-Ssize particle. 

The material must be prepared in 
sucha manner astopermit the making 
of test specimens that duplicate the 
grading of the material. 

The water must be mixed with the 
material sothatallsizes get a normal 
wetting. 

The base of the compaction ram 


With this test procedure we have 
beenable to develop compaction data, 
as shown in Figure 2, the moisture- 
density »curves for) five «different 
compactive efforts on the same sandy 
soil. InFigure 3 we plot the maximum 
density inlbs./cu. ft. onthe arithmetic 
scaleagainst the compactive effort on 
the log scale. Figure 4 is the same 
data for an aggregate material. 

It is noted that over the lower range 
of compactive effort this plot is a 
straight line. Inthe higher compactive 
efforts, the curve approaches solid 
weight asymptotically. This plot has 
beenfound very useful in determining 
the compactive effort required to pro- 
duce a desired density. _37- 


perenne OT 


The density of the minus 1/4-inch 
fraction often is a_ specification 
requirement. The limitations of the /42 
use of the density inthe minus 1/4-inch 
fraction have caused considerable 
trouble incrushed rock and other ma- 
terials of typical high voidage in the 
aggregate fraction. In Figure 5 we have 
diagrammed the condition that results 
from trying to control the compaction 
by density of the minus 1/4 fraction. 
When the amount of fines is insufficient 
to fill the voids of the aggregate at the 
density specified, this - result "“1s 
inevitable. It may be impossible to 
reduce the voids in the aggregate por- 
tion toa volume that will be completely 
filled by densified minus 1/4-inch 
material. 

Mr. R. R. Proctor has established vai 
the fact that the compactive effort used 
inthe laboratory is relatedtothe com- 
pactive effort required to secure ibs 
similar compaction in construction. 
He showed that the compactive effort 
inthe field is defined by the draw ball 
pull on the roller, per unit volume of | 
soillayer, perpass of the roller. To 
keep the rolling fully effective, the 
proper compactive effort must be 
maintained by adjusting the weight of . 
the roller to the thickness of layer or 
vice versa, 

The specification writers have had 
a tendency to require something less 
than 100 per cent of the maximum dry 
density of any test procedure, using 
90, 95, and 98 per cent of the maximum 
density as minimum requirement. Our 
co-worker, Mr. Chester McDowell, 
has publisheda paper ona correlation 
of the desirable density to which soil 
materials should be compacted with 
the dry-rodded density of the material. 
In Figure 6, the upper end of the scale : 
is 'Dense Density" (the maximum giz} ___,_}_+___ 
density of the 30 ft. lb. /cu.in. com- ikeFront 
pactionjand the lower end is dry-rodded 
density. Fromhis Studies the attain- 
able and desirable densities can be | 
calculated for each material through ous 
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Dry Density ~ Lbs. per Cu- FH. 
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the use of a term "compaction ratio. " 
The required "compaction ratio" is pale 
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This report consists of three parts, 
namely, laboratory testing procedure, 
graphical presentation of some wheel- 
load stresses, and an analysis of the 
triaxial method with respect to life 
expectancy of some old pavements. 
For the benefit of those who are not 
familiar withthe particular method of 
testing used, the following is a very 
brief summary of the method. A more 
detailed procedure can be obtained by 
referring to test procedure THD-80., 
For details of sample preparation and 
compaction, see THD Procedures 53, 
83, and 110. 

1. A two-to three-hundred-pound 
sample is air dried and separated into 
Various ranges of “particles Sizes; 
Portions retained on the two-inch 
screen are crushed or excluded. 

2. A moisture density curve for a 
selected compactive effort is obtained 
by molding six-inch-diameter by 
eight-inch-height specimens in four 
equal layers of two-inch thickness 
each. The batch for each specimen 
consists of grain-size components 
which have been recombined on 
the basis of the original gradation 
obtained in Step 1. 

3. nlx ‘© Specimens, as nearly 
identical as possible, are compacted 
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at optimum moisture content. All 
specimens are weighed, measured, 
and extrudedfromthe molds. Porous 
stones are placed on top and bottom. 

4, After storing overnight, spec- 
imens consisting of materials that do 
not develop shrinkage cracks are 
partially dried by placing in an 
air-drying oven (forced draught at 
140°F.) for a period of eight hours. 
Upon removal, the specimens are 
allowedto stand overnight in the open 
laboratory. Thespecimens again are 
weighed. Usually, about two-thirds 
to one-half of the molding moisture is 
removed. Materials that tend to 
develop shrinkage cracks are not 
dried. 

5. The’ axial ‘cells;““deflated aby 
vacuum, areplacedon the specimens. 
A suitable vertical surcharge (about 


0.33to1.00p.s.i. for most subgrade) ~ 


is placed on the top ~stone. [he 
specimens are then placed in pans of 
water so that the water level is 
one-half inch below the bottom of the 
Specimen itself. This- assembly is 
thenplaced on the storage rack in the 
moisture roomand connected with the 
constant-pressureair manifold. The 
usual lateral pressure is one p.s.1. 
Thewsspecimens, are ~permitted:to 
absorb water by capillarity until 
equilibrium is attained. 

6. Each specimen is tested in 
compression at a constant lateral 
pressure. The six identical specimens 
are usually testedat lateral pressures 
Ole O03 DLO gl 555 aati) 120s ips is 
respectively. This pressure is applied 
by means of the cells, supplied by an 
auxiliaryairtank. The rate of strain 
is 0.15inchper minute. Simultaneous 
readings of load and deformation are 
taken at intervals of 0.01 inch defor- 
mation. Loading continues until the 
specimen fails. 

7, After the completion of the 
compressiontest, the entire specimen 
isdriedat110°C. On the basis of the 
total dry weight, extra data as to 
density, moisture content, moisture 
absorption, etc., may be calculated. 

8. From the principal stresses at 
the instant of failure, Mohr's diagram 
of stress is constructed. 

9. A portion of the Mohr envelope 
is transferredtoa classification chart 
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andthe strength class of the material 
is determined to the nearest tenth. 
See Figure 9, THD-80. 

10. The depth of coverage in inches 
for a given wheel load is obtained by 
entering these data on a design chart. 
See Figure 9. 

The entire procedure, when reduced 
to its simplest terms, consists of 
comparing strength to stress for all 
layers of flexible) pavemien\.a17- 
strength of the material is determined 
from carefully controlled triaxial 
tests and compared to a given wheel- 
load stress condition by plotting the 
shear strength envelope on _ the 
above-mentioned classification chart. 
This chart has been derived from 
experience and certain theoretical 
concepts. Thestress conditions for a 
variety of wheel loads, based upon 
constant..tire?) pressures, (niaywmue 
analyzed by use of the pavement 
analysis chart, Figure’ 97 selwwean 
attempttocreatea better understand- 
ing of the relationship of strength to 
Stress;71t.is. necessary to presentstuc 
following portion of this report 
which involves some stress analysis 
considerations. 

Wheel-load Stress Computations 
Relatedtothe Texas Highway Depart- 
ment Triaxial Method of Flexible 
Pavement Design: It is recognized 
that no exact method for calculation of 
stresses beneath a wheel load exists; 
however, itis generally conceded that 
stresses existing below a uniformly 
loaded circular area are approxi- 
mately the same as those existing 
beneath a pneumatic tire of similar 
contactand pressure intensity. It has 
also been conceded by many that 
AEH. Love's solution of Boussinesq's 
equations of elasticity presents a 
desirable method of estimating 
stresses beneath a wheel load. 

The Texas triaxial. method of 
flexible pavement, design was ¢ in= 
fluenced a great deal by calculations 
involving the above-mentioned the- 
ories. Althoughthe Texas method has 
been developed largely for testing 
materials taken from roads of known 
behavior, the question is often asked. 
about what stress considerations are 
pertinent to the method in use. In an 
attempt to answer this question the 


/ 


SOME GEOMETRICAL DIMENS/ONS USED BY LOVE 
IN THE CALCULATION OF STRESSES BENEATH 
A UNIFORMLY LOADED C/RCULAR AREA 


NOTATIONS 
a= Rad/Us Of loaded Area 
P= Kadial distance 1p 
cylindrical Co-Or aNHaArESs 
z= Depth be/ow surface 
Ya= Radial Astance expressed 
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writer has tried to present some 
specific calculations, based oncertain 
assumptions, which will afford a 
comparison between their results and 
those of the Texas Highway Depart- 
ment method. This report represents 
only one approach to calculation of 
wheel-load stresses out of many 
possible ones; therefore, it would not 
be unusual for the reader to prefer 
other assumptions and solutions to the 
problem. 
ASSUMPTIONS 

1. The theory of elasticity involv- 
ing: 

(a) A.E.H. Love's solution for 
stresses beneath a circular loaded 
area. 

(b) Warner H.. Tuft's computa- 
tion of influence values for Love's 
equations. 

(c) That the use of tangential 
stress omega-omega, Ww, in a few 
cases where it is less than 1/2 
(zz + Pp - s)wouldnotalter results of 
calculations for this problem suffi- 
ciently to justify their inclusion in this 
report. 

(d) Reduction of shearing 
stresses obtained from Love's 
solutions due to layers of pavements 
having higher moduli than subgrades. 
This is accomplished by multiplying 
Love's maximum shearing stresses 
bya factor Fs. Fs is the ratio of the 
maximum shear on the axis of the 
loaded area from F.H. Scrivner's 
solution () for "layer two" of the 
two-layered system to the maximum 
shearing stress on the axis of loaded 
area from Love's’ solution. Mr. 
L.E. McCarty of the Téxas Highway 
Department developed F's as shown in 
Table II and Figure 4A. It may be 
noted that Fs is a function of depth 
Z/aandratioof moduli Eg/E1. A set 
of empirical values of E9/Ej based 
upon experience were selected by the 
author and are shown by dashed line 
in Figure 4A, 

(e) The addition of effects of 
surcharge weight equal to one p.Ss.i. 
per foot of depth upon normal stresses 
for depths greater than twelve inches. 

2. Poisson's Ratio =="05.0% 
3. A unit load of 100 p.s.i. With 


exception of pavements located in 
zones where traffic makes extensive 
use of brakes for stopping, this unit 
pressure is thought to be high enough 
to eliminate the necessity of consider- 
ing effects of added stresses due to 
acceleration or deceleration. 

4. Wheel loads of 24,000 and 10, 000 
pounds were used in computations. 
Radii of loaded areas were 8.75 and 
0.6 inches, respectively. 
CALCULATION DATA 

1. Figure 1 shows’ geometrical 


dimensions used by Love in solution 


of the stress problem. 

2. Table I lists Warner H. Tuft's 
computation of influence values for 
Love's equations. 

3. Figures 2, 3, and 4 show the 
distribution of vertical stresses, 
radial or horizontal stresses and 
stress differences under a uniformly 
loaded circular area. The data for 
plotting of these figures were taken 
from Warner Tuft's tables of influence 
values, assuming an applied unit load 
of 100 p.s.i. 

4, Figure 5 shows plottings of 
Mohr diagram of stress for the 
one-inch level beneath a circular 
loaded area having a unit pressure of 
100 p.s.i. anda radius 8.75 inches. 
The stress value of ZZ for vertical, 
pp for radial, and S/2 for maximum 
shear which were used in plotting of 
the Mohr diagrams were interpolated 
from Figures 2, 3, and 4.. These 
values are tabulated in the upper. right 
part of the Mohr diagram chart. 
Similar plottings for 4-, 10-, and 
20-inchlevels were also made but are 
not shown in this report. 

5. Figure, 6 shows the stress 
envelopes superimposed on the Texas 
triaxial classification chart. The 
lowest (lowest graphically meaning 
weakest class) classes of _ soil 
materials strong enoughto pass above 
the calculated stress envelopes are 
Shown on left side of chart. 

The foregoing method of presenting 
stresses, i.e., by the use of Figures 
2, 3, and 4, is far from the easiest 
butis used in this instance to present 
a picture of stress distribution. For 
those who are accustomed to using 


( ceria Numerical Solutions of Stresses in Two and Three Layered Systems, by 
F.H. Scrivner, Volume 28, Proceedings of the Highway Research Board. 
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SHEARING STRESS CORRECTION FPATIO, Fs, FOR 
CONVERTING LOVES /NFLUENCE STRESSES 7O 
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SHEAR STRESS — FS. 1. 


{ Z E D 
Ss | v 
C8 WHAM Y ara oraia A B12 
OPA=24\0 , TINO 
[ [ Y 
Is aan? ty ve/gpes ann 
o 
lols ay Ns 
HEE RISES fi : 
mS bal 4 = 
ba ae | 4 VEL 
iS Ne aa 
Bete zaclinceael 
5 SE eA Se ter 
Cr a 
lol 0 Ll | 
2 
i 1 ce area 3 I 
oA 2 a a 
sae S8 
| 
| ca SH 
: sce 
GUASS 
| 4 | | &. : 
TREE e Z f. O 
oe Oe ie S 
i al 4 ] [ htc} 


/41NCH LEVEL, P=/00P.S1,M-0.$, @=56', Fs = O.8/ 


Cens# Pradtus 

Sasa Ya Rechay Z/o Zr ies Ye Se2xo8!l 
20 oO 0.8 2.5 10.4. 3.6 7-8 
/6.8 0. 78/3 8 > 9.3 8.7 fe 8, 
13.3 4.2187 2.8 i 8.0 76 6.2 
6.2 2.4658 4.0 “ S./ 5.0 41 
36 2.7405 3.8 = 37 3.6 2.9 


NORMAL STRESS - PS./. 
SAGE 


~47- 


| 


Fay ae 
L | | 
n | ee 
‘[Y cia ” 2) Y 
) EBS Al 
TOIRIO ey AS) O © 
| 
S os Fa cae a se 
! | a | Pe zl) 
2 eo SS len pe Se Bis 
T fo 7 >. o 7} aa 
| | ' 
1 — + 4 
! ail | 
i oni cai SB EALSICHES 
) Trio! | Pir eho IMSS “T's 
Chi iM CLV CRN ISS Tie 
Q—- | | [Sj9 Vv) We 
i j “| | NTS TNT | o 
| : Poors Seat Ss 
x ig Asis [as 
Redietheae eo aad a | a ISNSinS | ae 
ye | | 1 ee) | BIS SASIS LaTSE: 
THEA R | SIS INS SiS] Zz. 
eee St j NE NRSS : 
ig] Sera SNES 
SPhirce pei CiSis See ipa 
+t ie [ RIS O12] By 
: ay /; aa S), hao resis | | 
yNISSSSLS YVSHS - fis SNN 
panty FEE vee 
! | > H Rae a 
eCatte : S8RCESR 
+t rn ‘ ia | aati ae me > ar 
; 5 A_ to afm IP alten es us BITE 
Pls- LCCC Ce oot eo 
Ree Sass eee ee t eee eee 
JONENTLNIVI FOKIINS TA, Een ee SIHINI _F OL1 OTH) | 
|_| 2385? PNT # Nod @ HLAIC aN hl . we 


tables of influence values and who are 
not concerned with values for an exact 
depth willfindit easier to plot directly 
from tables of influence values. 

6. Figure 7 shows a plotting of the 
Mohr diagram of stress where values 
for vertical, radial, and maximum 
shearing stresses were taken directly 
from Mr. ‘Tuft's tables for a depth of 
fourteen inches beneath a circular 
loaded area having a unit load of 100 
p.S.i. and a radius of 5.6° inches. 
pind piottinges fori. 4-5" 2. 8-7 ~, 
and 28-inch levels were also made, 
butarenot shown in this report. The 
depth levels represent Z/a ratios of 
Pen sue to ee. 00, yandeo 00, 
respectively, andinfluence values for 
stresses at such depths can be taken 
directlyfrom tables. These data are 
used for plotting of the Mohr diagrams 
and are Shown in the upper right-hand 
portion of Figure 7. 

7. Figure 8 shows stress envelopes 
superimposed on the Texas classifi- 
cationchart. Thelowest class of soil 
strong enough to pass above calculated 
stress envelopes are also shown. 

8. Atabulation was prepared show- 
ing depth levels at which stress 
computations were made, the weakest 
triaxial classifications are subject to 
overstressing, and the depths required 
for long-life roads built on such soil 
materials. These depths are taken 
from the Texas wheel-load analysis 
chart, Figure9. This chart has been 
worked out on the following basis: 

(a) Depths are knownfor a given 
wheel load. 

(b) Tire pressures remain con- 
stant when wheel loads vary and the 
magnitude of radii of contact areas 
will change accordingly. 

Then: Depth for desired design 
wheel load = 

Known depth for given wheel load 

wheel load desired for design 
|wheel load for which depths are known 

Data obtained in the above men- 
tioned tabulation were used to make a 
comparison of depths shown in Figure 
10 which indicates that the Texas 
triaxial method requires approxi- 
mately the same depths as 
required by the theoretical concepts 
presented herewith. 

The foregoing 


shows’ that a 


those 


correlation exists between a given 
laboratory test procedure, a given 
design procedure, andacertainstress 
analysis approach, but in the final 
analysis the true evaluation of the 
methods must be based upon tests 
obtained from materials usedon roads 
of known behavior. Therefore, the 
third and final portion of this report 
is presented for your consideration. 


Triaxial Tests Usedinthe Analysis 


of Existing Roads: The primary pur- 


pose of this portion of the report 


is to show how well this method 
of analysis correlates with actual 
service behavior of flexible pave- 
ments. Invsorder 40/00 BathiS,y 4a 
thorough study of pavements, including 
service behavior, age, weight, and 
volume of traffic, thicknesses of 
pavement layers, triaxial tests, soil 
constants and gradation on subgrades, 
Ssubbases and bases, was made on ten 
projects located in South, Central, 
and West Texas. Samples weighing 
two to three hundred pounds each 
were taken from each layer of 
subgrade, subbase, or base after 
cutting large holes in _ existing 
pavements. At this time thicknesses 
of all layers of pavements were 
measured. The age of the pavement 
and an evaluation of its service 
behavior were obtained from State 
Highway Districtand Bureauof Public 
Roads personnel. The above-mentioned 
tests were performed and results are 


shown on form Sheets 476-A. 
In order to study these projects 


objectively, estimates of the average 
of the ten heaviest wheel loads per 
average day during the life of these 
pavements were obtained from the 
Texas Highway Department Planning 
survey Division. Since these are 
averages over a period of years, it 
may be noted that many of the old 
projects showed much lower wheel- 
loadaverages thanare found on newer 
projects. 

Wheel-load data, together with 
pertinent testresults, are showninthe 
Summary tabulation. Data shown in 
this tabulation, for layers of pavement 
needing greatest increase in thickness 
as judged by triaxial design, were 
plotted as shown in Figure 11, soas 
to show the relation of existing depths 
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7) 
= Ss 2 US59 San Pa- A.C. in 1952) 
! | s tricio Surf. pd LO Fairly good. 
3 (2) 3 202. Bee A.C.Surf. 2" 80 Fairly good. 
i, -3h6. Bexar A.C.Surf. 1 3/k" 87 Poor(new bs52 
5 4113 Bexar Gravel 15%" 9h Good road. 
Bs&Surf . 
ae len: 6 113 Bexar Dbl.Bit. 3/h" 75 Fairly good. 
2 Kelly Surf. 
I i V 7 US70 Floyd -Caliche Bs. 
| & Surf. 11" 96 Very good. 
} O JO 20 30 8 US62 Crosby Dbl.Bit. 3/u" 22 dak Seger 
i : d Surf. planne 
DEPTHS OF FLEXIBLE PAVEMENT IN INCHES 9 us290 Travis Gravel 11-1/ 177 Poor(new base 
= Base 
REO U! RED FROM lal De TRIAX (AL METHO oD . 10 ee a or Se «Base 8" 123 Excellent 
DEPTH ! / CH 
ROR ILONG taliBbaxORDS PERCENT DESIGN*| 5-5) FoR LONG LIFE TRIAXIAL DESIGN —/e\ 0° | 
Ya) AO 60 re) 700 120 140 | 
FIG 42 | 
| 
i 
fii 
RELATION OF ACTUAL DEPTHS USED TO DEPTHS REQUIRED 
BY THD TRIAXIAL TEST FOR LAYERS OF PAVEMENT REQUIRING 
GREATEST THICKNESS OF COVERAGE 
SUMMARY TABULATION 
Pave— No. 
ment Tri- Inches Service 
High- Road Layer axial Coverage Behavior 
way Age Wheel Load” Thickness Strength Required Percent of 
No County Yrs. (in Pounds) (Inches) Class by Tests** Design*** Road 
F¥- Refugio 9 100 =" single New base 
| 136 asph. surf. placed over 
Ma any 52" shell 1 ui 4st old base 
Ww Clay Subg. 4.9 132 50 in_ 1952 
ey Us= San ys) 12,500 IW A.C. ~ Fairly 
> 59 Patri- surfacing good. 
oF cio 10" caliche 3.1 L ho 
a Subgrade 3.4 7 200 
HM <q 202 Bee Ih 5,000 2” A.C. Fairly 
| =) Surfacing good. 
Hh Ls 7" caliche. 3.3 4 80 
} Re Subgrade 4.8 12 86 
i 3L6 Bexar 20 1, 500 37k" A.C. " Poor; new 
| “f surfacing base placed 
| = Ha gravel 3.1 33 87 over old 
) rw) ub grade 3.1 Fa 737 base in 1952 
fh Zz Loop Bexar 9 85200 cose C. 2 ; ood. - 
| “= 13 surfacing 
} z Lei 13" gravel 2.8 2-3/ls 200. 
Hi an Subgrade 5.2 1 oh 
HH = zat Air bs e 
a Loop Bexar. 8,100 370" dbl. Fairly 
w 13 bit. surf. good. 
Qa Kelly 12" gravel 2.7 22 75 
a 4 16 20 poe Subgrade L.7 a5 ou 
Bere itcuns eee BY T.H.DLONG LIFE DESIGN 70 rials we cen ; — 
Layer of Pavement Condition 9" caliche 3.1 Fa 100 
Plot Highway Requiring Thick- of : Tre h.6 3 96 
No. No. County est Cover Inches Thickness Road eee ce Pe 15700 pie eae Reconstruc— 
‘ype ist- or eed 62 cs bit. surf. tion planned. 
Mat'1. in Desi EA Sete aan 3 on 
lL Fu-3 efugio hell Base 13-1/2 Poor (new bas y subgrade . ig ut 
2  US-59 San Patricio’ A.C. Surface 1 i Potctytised a) ett pe eerie 2 a ae I-Y/L" tra= Reconstructed 
3 202 Bes Caliche Base 9 12 Fairly good. 290 ple bit.surf. after 13 yrs. 
k 36 Bexar A.C. Surface 1-3/4 3-1/2 Poor Gow base in '52) 10" gravel » 3.0 3 83 service. 
5 Loop 13 Bexar Gravel Base & 15-1/2 18 Good road. Subgrade L.9 16 77 
Surface US- Bastrop 6 16,000 1/L" single Excellent 
6 loop 13. Bexar Dbl. Bit. Surf, 12-3/h 15 Fairly good. as bate aurd. 
Kelly 7-3/4" cr. 
7  US-70 Floyd Caliche Base & stone base 1 1 pattie 
Surface nu 3 Very good. ———— Subgrade 34h 8 123 
8 us-62 Crosby Dbl: Bit. 3h; (! Poort(redens true tien Estimated average of 10 heaviest wheel loads per av. day during years road has been in 
planned.) service. Data furnished by THD Highway Planning Survey Division. 
9 v8-290 Travis revel Wf; 16 Pose (new besa nates) **Triaxial tests for long-life design. : 
10 US-290__Bastro, Cr. St. Base 8 _ Excellent +sPercent Design = (Depth existing divided by depth required by tests minus 14 in.)100 
Pon IS FIG. dl sae4Percent design is very high but cannot be determined from the formula. 
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1-53-5m $4005-758-5m Texas Hig’iway Department 
SOILS AND BASE MATERIALS TEST REPORT Peres ie cone 
SOILS AND BASE MATERIALS TEST REPORT 
Laboratory No. 
Date Rec’d Reported Control Number Section Number Job Number Laboratory No. 
E a eer Date Ree’d Reported Control Number Bection Number Job Number 
‘Mateeas County Federal Project No. Highway No. Engineer 
Con i i a ere aa 16 hanes County Federal Project No Highway No. 
Sampler H. S. Gillette & C. McDowell District No. LP.B. No. Req. No. Date Sampled Contractor 
Series (nae Wie Dc uc Agstion ‘Teaul No, Bainples Hi. S. Gillette & C. McDowell — District No. “TPB No. Req No Date Sampled 


Sampled From _Roads CCCCSC*‘«SMaattlerriiaal from Property of 
Producer 


Sampler's Title 
Sampled From 


Specification Item No. 
Material from Property of 


Roads 


Quantity Represented by Sample Producer 


Has been Used on 


Quantity Represented by Sample 
Has been Used on 


Proposed for Use as 


Proposed for Use as 


Soll Str. Str. 


ee es ome oink Ral ame 8 cup Ls SR pool | % mot Class 
50-76-R A-6-2 | 26 2-- 1.0 50~82-E 2 9.3 1.91 | A-6-2 | 27 = 34 
77 A-6 100 1.8 4.9 83 - 4.0 1.79 | A-2 96 8.2 3.1 
72 38 A-l-7 49 -- Es 78 - 6.8 1.82 | A-2 36 - 2.8 
B 30 A-2 89 94 3h 8 - 25.8 2.05 | A-7 86 23.6 5.2 
mh 49 A-7 5 -- 3.3 80 - 6.8 1.87 | Ae2 31 -- 2.7 
18.1 4.8 81 2 20.2 1.90 | A-7 96 24.6 4.7 
49-LO-R - 4.0 1.78 | A-2 32 -- 3.0 
39-11-MR - 2h.0 2.00 | A-7 97 31. kg 
PERCENT RETAINED ON = 
- PERCENT RETAINED ON 
Round Opening Screens Square Mesh Screens Grain Diam. 
see ° ta Inches Bieve Numbers in Millimeters |Spectfic Round Opening Screens Square Mesh Screens Grain Diam. 
vs Gravity Lab. No. Opening in Inches Sleve Numbers in Millimetera {Specific 
m%|3 | +x | 2]im] 1] % | % | % | 10 | 20 | 40 | 60 | 100 | 200 | .05 | .005 | 001 pate! 
— 1% 3 1% 10 20 40 60 100 | 200 05 006 | .001 
75 177} @B\89 |93 |97| 2.6 
1] 3| 32|W3 |93 | 87| 2.65 50-82-R 3] 7 | as}27 | ols6 |67 | 72\73 |76 | 79 [63 [85 | 92 | 97|2.70 
56 |61,| 67/70 | 90 | 98} 2.6h) 83 1] 2; 3/4] 7 | 2¢|63 |69 | 83 | 92\2.60 
25 140 | 65/73 |90 | 96 2,60) 78 8 | 19] 28 | 37/51 |59 | 62/64 | 66 | 67 |69 |71 | 90 | 98 |2.65 
59 | 62 | 67/70 |93 | 97 | 2.65] 8h O} 5S] 8 /12/13]1h | 1h | 16 j22 [27 | 62 | 83|2.66 
9 125 | 51156 | 66 | 83} 2.66) 80 3 | Uh} 22 | 3h1h7 159 | 64/69 | 75 | 80 jBh | 86 | 98 | 99 )\2.75 
81 1] 3} 4] 5] 7126 |20 | 63} 83 /2.71 
49-l0-R 8 | 17/21 | 28/38 {51 | 62/68 | 73 | 82 |90 2.60 
39-11-MR 313] &1S [22 | Sk) 77 \2.72 
| ed a | ae Sa 
eee) eee Sree a) Jerre Sees Seed 
SAMPLE IDENTIFICATION 
SAMPLE IDENTIFICATION 
Identification Marks Location—Properties—Station Numbers Type of Materlels 
Lab. No. Location—Properties—Station Numbers Type of Materials 
50-76-R No, 1, FM-136 | Refugio Co. (between Bayside and 5k" of shell base 
Woodsboro) Subgrade soil 50-82-R Bexar Co. Sta- 886,12 Mi.S.Int.Loop | 13" Gravel Base 
17 ” " 83 13 and 346 Subgrade Soil 
72 No. 3 US 59 Business route in Mathis, 3 blks.NJ 10" of caliche base 50-78-R 2000' N.Main gate,Lakcland Air Base | 13" Gravel Base 
73 nf a int. of business rt. and regular Subgrade soil 84 Subgrade Soil 
US 59 50-80-R 2000' E. of Kelly Field Overpass 12" Gravel Base 
7h No. h, St. 202 | 3 Mi.E. of Beeville 7" of caliche base 81 Subgrade Soil 
75 t : Subgrade soil 49-h0-R 10" Gravel Base 
39-11-MR Subgrade Soil. 
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SOILS AND BASE MATERIALS TEST REPORT 


Laboratory No. 


Texas 
Form 47 


84005-753-5m 


Date Rec’d Reported Control Number Section Number Job Number 
Engineer 

Address County Federal Project No. Highway No. 
Contractor 

Sampler _H. S. Gillette & C. McDowell District No. LP.E. No. Reg. No. Date Sampled 


Specification Item No. 
Material from Property of 


Sampler’s Title 
Sampled From 
Producer 
Quantity Represented by Sample = 
Has been Used on 


Proposed for Use as 


Soil 
Binder 


PERCENT RETAINED ON 


Round Opening Screens Square Mesh Screens Grain Diam. 
Lab. No. Opening in Inches Sieve Numbers ‘n Millimeters peers 
3% 2 2% a 1% 1 x % % 10 20 40 60 100 | 200 | .05 | .005 | .001 
50-90-R O | 7119) 2h} 30/37) Laih9 | 52} 54) 63/77 | 80] 90/98 | 2.64 
91 3| 10) 22 | 39} 78)92 | 2.68 
92 2/ 5} 8} 13) 2h | 33|38 | 41] 43] 50]63 | 70| 88/97 | 2.65 
93 2] 11/27 | 48] 78}92 | 2.65 
49-14-R 13 | 25 |-31] 39}48 | 56\65 | 72 
47-136-E O} 2] 5} 53/7h | 81} 84/87 | 2.63 


SAMPLE IDENTIFICATION 


Lab. No, Identification Marks Location—Properties—Station Numbers Type of Materials 
50-90-R No. 1h US 70 | Floyd Co., h Mi.S. of Hale Co.Line 9" Caliche Base 
91 " " Sta. 330+15 Subgrade Soil 
50-92-R No. 15, US 62 |Crosby Co. 1 Mi. S. Floyd-Crosby 7" Caliche Base 
93 y ay Co. Line Subgrade Soil 
49-14-R US 290 8" Crushed Stone Base Flexible Base 
4 7-136-E tt Sampled from R.O.W. Cut Subgrade Soil and 


Select Material 


et 


for design thicknesses. Figure 11 
indicates that good long-life pavements 
may be approximately one and one-half 
inches thinner than is required. by our 
design procedure; therefore, in 
construction of new projects we often 
reserve an inch or two of surfacing 
for future application. It may also be 
noted that plotting points Number 2 and 
4areveryclosetogether on this chart 
although one is froma fairly good road 
and the other from a poor road, the 
difference being that the poor road is 
twenty years old and the fairly good 
road is only three years old. Figure 
12 shows the relation of road age to 
"yer cent design'’ expressed as 100 
(ratio of existing depth to depth re- 
quired by triaxial tests minus one and 
one-halfinches). This chart separates 
plotting points 2 and 4 more nearly as 
shouldbe. Infact, all points tend tobe 
arranged so that the line represented 
by the expression, Number years life = 
0.96 (10) - 91465 (% design), divides 
points for road failures on the left 
from points for good and excellent 
roads on the right of the line. The 
results shown are limited; however, 
for the time being they will help explain 
why some underdesigned pavements 
ate nOtntalling erapidly paltos. Also 
believed that these relations will help 
designers to select design thicknesses 
which are in keeping with engineering 
and economical needs whether for a 
Short-life road requiring relocation 
soon, for stage construction, or for 
very long-life urban sections. It is 
doubtful that the term "per cent design!' 
is of much value in estimating the life 
of bituminous surfacings (existing on 
long-life hases) which are less than 
one and one-half inches thick because 
the triaxial method does not measure 
the properties of asphalts. Since the 
amount of maintenance required for 
roads is somewhat dependent upon 
skill and timing of operations, it is 
by no means certain that projects 
having similar percentages of design 
will require the same amounts of 
maintenance, General observation of 
some of these projects throughout 
their life bears out this statement. 

From the foregoing it is concluded 
Coat: 

1. There is a good correlation 
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between the Texas triaxial method of 
pavement thickness design, stress 
calculations (using the theory ~ of 
elasticity), and actual road perform- 
ance, — 

2. Since the data obtained from 
triaxial tests made it possible to 
correlate ''per cent design" with life of 
pavements, it appears that: triaxial 
methods can be used successfully to 
analyze most highway flexible pave- 
ment ~problems 3 In— addition =to 
estimating over-all thicknesses on 
subgrades, the method also deter- 
mines the quality and density require- 
ments of subbase and flexible base 
materials, the latter being equally, 
if not more, important than over-all 
thickness because good pavements are 
a prerequisite to proper thickness 
evaluations.. The term, per jcent 
design" appears to’ be a basic 
expression and is necessary in order 
to have a good understanding of flexible 
pavement design. 

2. The simplicity and workability 
of the method are attested {G)oyithe 
fact that over one-half of our district 
offices either have been or are being 
equipped for triaxial testing. This 
program has been ~~ carriccdamsou: 
voluntarily by the districts, and is 
not mandatory. 

3. Wehave progressed a lot in the 
analysis of this problem in the last 
several years, but much still remains 
to be done. 
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DESIGN OF CROSS SECTION 


INFLUENCED BY EDGE FAILURE PROBLEMS 


A.C. Kyser Jr., Assistant District Engineer 
Texas Highway Department 


Houston, Texas 


EDGE FAILURE PROBLEM: The simplest 
solution to this problemwould be to keep the 
wheel away from the edge, if sucha solution 
were feasible. The large number of edge 
failures in the flexible base sections con- 
structed inthe Gulf Coast area on clay-type 
subgrades warrants some very serious study of 
this problem. There are miles of farm-to- 
market roads constructed since the war on 
which the center sections appear to be in 
good condition, but which show numerous 
failures and patches along the edge. One 
particular road looks as though it was orig- 
inally constructed about 9 feet wide and 
widened on both sides to an approximate 
width of 18 feet. This road has been in ser- 
vice about two years. It is obvious that it 
would have been more economical to have 
designed the cross section originally to pre- 
vent this expensive maintenance. 

For this paper, the discussion refers to 
flexible base construction ona highly plastic 
clay subgrade in the Gulf Coast area. 

BRIEF REVIEW OF DESIGN PROCEDURE: 
The recommended design procedure involves 
the testing of disturbed samples prepared in 


the Laboratory and subjected to wetting and 
drying cycles in a prescribed manner, and 
then testing in the triaxial cell to determine 
soil shearing strength. From the results of 
the triaxial test, the soil is classified. The 
class of soil and wheel load determines the 
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depth beneath the surface that such a soil 
can be used. 

You will see in Figure 1 a curve showing 
the vertical stress in the flexible base of sub- 
grade material as plotted against depth below 
the surface. This particular curve was pre- 
pared for dual 6,000-pound wheel loads, or 
a total axle load of 24,000 pounds. You 
will note how the vertical stress decreases 
with the depth. Shearing stresses decrease 
in like manner. After the strength of the 
material, either flexible base, selected road- 
bed treatment, or subgrade is determined, 
curves of this type, or equivalent curves 
plotted ona Mohr's diagram, will show the 
minimum depth beneath the surface that each 
material can be used. Similar curves have 
been prepared for other wheel loads. 

This rational method of design is consid- 
ered the best that is now available, except 
for the fact that this procedure does not auto- 
matically take intoaccount the cross section 
of the pavement. Depthalone is not the sole 
factor. | quote Mr. W. S. Housel, Professor 
of Civil Engineering, University of Michigan, 
in General Discussion of Flexible Base Pave- 
ments: 

"While the attempt to establish a numer- 
ical rating for a project which includes a 
systematic evaluation of each and every 
factor which affects pavement performance 
is to be commended, the result obtained raises 
a number'of questions. As far as the writer 
is concerned, the mechanics of the pavement 
structure appear to have been so submerged 
by numerical ratings and coefficients that 
the result is no longer definitive of structural 
behavior. Insofar as pavement performance 
is concerned, the complex numbers convey 
no mental picture of the actual condition of 
the pavement. In other words, the perspec- 
tive of the entire problem and the relation 
between its component parts seems to have 
been lost." 

Mr. Housel did not make particular 
reference to stresses occurring at the edge, 
but his comment seems to be applicable. 

REASONS FOR EDGE FAILURES: The 
principal reasons for edge failures are the 
increased stresses occurring at the edge of 
the pavement, the lack of lateral support, 
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and the decrease in strength of the subgrade 
caused by infiltration of water. 

At my request, Mr. Frank Scrivner of the 
Road Design Division made an approximate 
computation to show the stresses in the sub- 
grade caused by changing the wheel loca- 
tion with reference to edge of the base. 
(See Figure 2.) Although for purpose of com- 
putation it was necessary to make certain 
simplifying assumptions, the relationship of 
the stresses is considered to be approximately 


correct : 
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According to this graph, youwill see that 
the stress in the subgrade when the wheel is 
at the pavement edge is approximately two 
and one-half times the stress when the wheel 
isat a distance two or three times the depth 
of the base from the edge. 

The other important factor concerns the 
drying out of the shoulder and subgrade 
material in dry seasons and the subsequent 
wetting of the pavement subgrade after heavy 
rains. |! am sure all of you have seen wide 
cracks openat the pavement edge during the 
summer. These cracks. form a channel for 
feeding thewater into the subgrade. A clay 
soil ina dry conditionwill absorb a sufficient 
amount of water to lower the structural 
strength considerably below that of the same 
material constructed to Proctor Density at 


Optimum Moisture. Heavy loads at the pave- 
ment edge cause subgrade displacement and 
resulting depression. This depression forms 
areservoirfor collecting rain water, thereby 
feeding this water into the subgrade through 
cracks that occur in the surface and base 
because of the failure. Consequently, 
progressive failure is accelerated, as de- 
picted in this figure. 

The Western Association of State Highway 
Officials' road test in Idaho has indicated the 
need of shoulder protection to prevent the 
type of edge failure illustrated in Figure 3. 


ciable shifting of the granular base material 
outward toward the shoulder during the period 
when failures were occurring. This lateral 
movement of base material stopped at the 
same time that pavement failure stopped 
progressing. The excellent behavior of the 


pavement in the inner wheel path led the 
Committee to add paved shoulders to one test 
section in July 1953. Itishoped to determine 
whether or not this treatment is beneficial 
during the critical period next spring. " 
Later reports from the WASHO test indi- 
cated that the paved shoulders were very 


Quoting from the report presented to the 
33rd Annual Meeting of the Highway Re- 
search Board, January 12, 1954: 

"There was a striking difference in the 
behavior of that part of the pavement near 
the edge (outer wheel path) and that near 
the centerline (inner wheel path). In all 
cases of failure, the distress was first noticed 
in the outerwheel path and in most cases no 
failure whatever was noted in the inner wheel 
path even months after the outer wheel path 
had failed completely. Subgrade moisture 
content and density tests do not supply an 
adequate explanation for the radical differ- 
ence in behavior of the two wheel paths. 
Devices installed along the pavement edge 
showed that under traffic there was appre- 


effective in preventing edge failures. 
SUGGESTED REMEDIES: Iwill enumerate 
briefly four possible remedies to prevent edge 
failures: 
1. Application of an asphalt membrane 
and stabilized shoulders to prevent excessive 
moisture changes in the subgrade, and add 


lateral support. 


2. Stabilizing the subgrade with lime. 

3. Adding a blanket of selected local 
materials as roadbed treatment. 

4. Increasing the width and depth of the 
base course. 

USUAL LOW TYPE FLEXIBLE BASE SEC- 
TION: Figure 4 shows a section used on 
numerous projects in District 12 immediately 
afterthe war. We were given a total allot- 
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ment of funds and the number of miles of road 
was more or less specified. This left insuffi- 
cient funds to construct a section of adequate 
widthand depth to accommodate the antici- 
pated traffic, especially in areas where the 
subgrade was predominantly clay. 

For purposes of comparing the costs of the 
various remedies suggested below, these esti- 
mates are basedon the expenditure required 
to construct the section over and above the 
sectionshownhereasthe minimum. In other 
words, for sections showing increased depth 
and width, only material in the widened or 
deepened portions is included. None of 
these suggested remedies is considered to be 
the cure-all initself, but perhapsa combina- 
tion of these should be used depending on the 
availability of local materials. 

SHOULDER TREATMENT: The section of 
Figure 5 is based on an asphalt membrane of 
one-half gallon per square yard with sand or 
select topsoil shoulders. The purpose of this 
treatment is to prevent drying out of the sub- 
grade and to add lateral support. 


There has been considerable discussion as 
to the durability ofan asphalt membrane. In 
fact, there are some that have insisted that 
an asphalt membrane used as waterproofing 
would become fertilizer within a few years. 
In the construction of a concrete pavement 
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in 1940 on U.S. 90 between Sealy and 
Brookshire, an asphalt membrane consisting 
of one gallon per square yard of OA-90 was 
used on selected sections. The membrane 
extended for the full width of the subgrade 
crown, and shoulder material of bank-run 
river gravel was placed on top of the mem- 
brane. It is obvious that the membrane was 
effective incontrolling the moisture because 
there was no sod growing on the sections that 
were undersealedwith the membrane, where- 
ason the adjoining sections there was consid- 
erable vegetation. This section was cored 
recently to determine whether the asphalt 
membrane was still effective in controlling 
moisture after fourteen years. This was ina 
dry season and, unfortunately, we have not 
had an opportunity to compare the results 
with the moisture content in a wet season for 
this section. The moisture content imme- 
diately below the membrane was 22 per cent, 
whereas in theadjacent section that did not 
have the membrane, the moisture content 
was 10 per centor less fora depth of 3.5 feet. 


It is reasonable to expect that after a period 
of heavy rains the moisture content in the 
sections that are now dry will rise consider- 
ably higher than that in the sealed sections 
and the subgrade strength will decrease 
correspondingly. Acore showing this asphalt 


seal ison hand for visual inspection of those 
interested. 

The Houston Urban Expressway organiza- 
tion, under the directionof Mr. Van London, 
has followed a practice of wrapping the fill 
sections inan asphaltic membrane onthe top, 
bottom, and sides. The membranes on the 
sides are placed on a one and one-half to 
one slope. The membrane hasbeen effective 
incontrolling moisture in the fills as proven 
by numerous tests taken since the installation 
of the first sectionabout seven years ago. It 
was noted that two years ago, during an 
exceptionally dry season, there were cracks 
on the slopes about two inches wide. These 
cracks did not extend into or damage the 
membrane, and the original moisture was 
retained in the fill. For further reference 
inregard to the use of asphalt membranes on 
the Gulf Freeway in Houston, you are re- 
ferred to Roads and Streets magazine, April, 
1953, issue. Asphalt membranes on shoulder 
slopes are currently being used on several 
rehabilitation projects in the Houston 


ing action which gives a strength even 
greater than the strength of most roadbed 
treatment materials. For a recent project 
using lime stabilization, the Pl was reduced 
from 40 to 8 in the Laboratory and in con- 
struction, amaximum Plof 12 was obtained. 

We were recently given approximately 
35,000 cubic yards of waste lime by Wyatt 
Metal and Boiler Works in Houston. This 
lime came from land previously owned by a 
chemical plant and was furnished to the 
State without-cost on condition that it be 
removed within two years. This material is 
now being used successfully on a farm-to- 
market road southwest of Alvin. Based on 
experience to date on this project, which 
involves a maximum haul of 45 miles, it is 
estimated that a ten-inch blanket of lime 
stabilized subgrade to accommodate a 
24-foot base width costs approximately 
$11,000 per mile which is equivalent to 
$2 per cubic yard of compacted material. 

The section shown in Figure 7 is similar 
to that previously shown. Roadbed treatment 


District. 

LIME STABILIZATION: Laboratory tests 
indicate that whena clay is mixed with lime 
(see Figure 6), its behavior and the Plasticity 
Index resemble a granular material. In addi- 
tion, there seems to be considerable cement- 


: Figure 5 _ 


or special treatment of the clay-type sub- 
grade should be used if it proves to be cheaper 


than flexible base, which is usually the case. 


In the event that the funds allotted a project 
are insufficient to construct both flexible 
base and roadbed treatment to depths indi- 
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cated by design tests, the more expensive 
flexible base should be reduced in depth 
because the roadbed treatment is a better 
buy in that you get more depth for the money. 

In Figure 8, the section shows the treat- 
ment of the problem by increasing the depth 
andwidth of the base. The base is shown as 
uniformly ten inches thick. The extra cost 
of this flexible base material computed on 
average prices in our area is $12,000 per 
mile. 


Figure 9is a modification of the previous 
section to show the increased depth on the 
edge without appreciably increasing the 
depth at the center. The extra cost of 
material shown on this section is approxi- 
mately $9,000 per mile, which is 75 per 
cent of the cost of section previously shown. 
Inasmuch as the failure usually occurs on 
the edge, it is quite possible that pavement 
constructed as shown on this section would 
give equal service to the one shown pre- 
viously, resulting in a saving of $3,000 
per mile. 

Figure 10 shows the desirable section and 
is acomposite of the roadbed treatment sec- 
tion previously shown, the 10-7-10 flexible 


base section including the sealing and stabi- 
lization of the shoulders. This section is 
designed to accommodate dual wheel 
assemblies for a 6,000-pound wheel load, 
24 ,000-pound axle load, where the shearing 
strength of the subgrade is approximately 
Class 5.7 and the shearing strength of the 
select material or roadbed treatment is Class 
3.7. (See design chart, THD - 80, 10 year 
life.) 

The base width corresponds to a 20-foot 


surface width. For 24-foot surfacing a 
28-foot base width is considered the minimum 
and full crown width of base is desirable. 
The depths referred to in this paper are not 
to be taken as recommended depths. As 
pointed out previously, the depth of flexible 
base should be determined by testing the 
quality of the roadbed treatment to find how 
near the surface this material can be used 
satisfactorily, and the depth of roadbed 
treatment should be determined by testing 
the subgrade toascertain the over-all thick- 
ness of flexible base and roadbed treatment. 
In many cases, funds will not be sufficient 
to construct the recommended sections based 
on the designs as shown, and in such cases it 
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is recommended the sectionsbe builtby stage without reduction in either the depth of road- 
construction, and the depth of flexible base bed treatment required or elimination of the 
_ bereducedtothe minimum amount necessary asphalt membrane on the shoulders. 
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The use of lightweight aggregates 
in structural concrete is not a recent 
or unknown procedure. A concrete 
Ship, the Selma, was constructed using 
reinforced lightweight aggregate con- 
crete, and operated during World War 
I. However, perhaps due to lack of 
promotion supported by adequate 
research, the use of lightweight ag- 
gregate concrete has not come into its 
own. Recently, there has been an 
increased interest evidenced by both 
State and Federalagencies and also by 
private construction in the use of 
lightweight aggregate concrete for 
structural use. 

The author has investigated three 
different sources. of lightweight 
aggregate for use in structural cone 
crete. Each one of these investigations 
was originated by different districts 
within the Highway Department with 
the intention of the possible solution 
of various problems. 


aggregates, iS extremely important 
in dealing with expanded clayand shale 
aggregates. After making hundreds 
oftests, we believe the true absorption 
of expanded shales to be from 7 per 
cent for coarse aggregates to 20 per 
cent for the 'fines' or sand grade, and 
expanded clay aggregates to be from 
16 per cent to 26 per cent for the coarse 
andfines. However, we are far from 
certain as to the accuracy of these 
determinations, 

''We also found the specific gravity 
of these materials to bey practically 
indeterminate due, of course, to the 
variable absorption, The specific 
gravity apparently varies with the 
particle size. Attempts were made to 
determine the specific gravity in many 
fluids other than water but results 
were not satisfactory. 

"It is now necessary to develop a 
simple workable method of design and 
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William Shafer, Senior Concrete Engineer 
Texas Highway Department 
Austin, Texas 


In Aprilof 1952, the Materials and 
Tests Laboratory of the Highway 
Department received a request from 
District 12 at Houston relative to 
design of Class "A" concrete in which 
expanded clay from the Herculite 
Corporation of Houston was to be used 
as both fine and coarse aggregates. 
The problem confronting District 12 
was one primarily of design of light- 
weight aggregate concrete. AS a 
means of an introduction to this 
problem of design a quotation is taken 
from ''Field Practice in Lightweight 
Concrete, ' by John A. Murlin and 
Cedric Willson: 

"The absorption of clay and shale 
aggregates is anextremely elusive and 
variable property. As a matter of 
fact, after working on absorption for 
three years, the only thing of which 
we are certain is that this property, 
avery minor factor with natural heavy 
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control --- for any concrete control to 
be practical the operations at the 
mixer or plant must be the same for 
each batch. In order to produce uni- 
form concrete, it was necessary to 
base the design and control on aggre- 
gate properties which were constant 
andstable. It has been found that the 
only condition in which expanded clays 
and shales were constant and unchang- 
ing was when they were moisture free. 
Mixing water was added by trial until 
the desired slump was obtained. It 
was found this same amount of water 
would continue to produce the same 
slump on that day from the particular 
Stockpile of aggregate. After a little 
experience the control technicians 
would invariably get the correct 
amount to add by the second or third 
batchandit is the only simple method 
we were able to devise by which the 
water-cement ratio was uniformly 


-error as in previous trials. 


maintained. To sum up this method 
of designand control it was found that 
the dry material was constant only 
when moisture free so that condition 
was used for the basic weight or 
volume of aggregates. It was also 
found that, of the totalamount of water 
required, the only constant fraction 
was that part which was not absorbed 
by the aggregate. This made it 
necessary to measure that fraction by 
maintaining a uniform slump. The 
slump cone test for consistency was 
found to be much more Sensitive for 
expandedclayand shale than for heavy 
concrete, "' 

The above quotation was found to be 
true ineveryrespect. Anattempt was 
made to determine the true specific 
gravities on Haydite lightweight ag- 
gregate through the use of varying 
periods of immersion. As_ these 
immersion periods were in progress, 
periodic checks were made on the 
weights of the pycnometers containing 
the specific gravity samples. When 
these weights became constant the 
gravities were then calculated. 
Another sample was immersed in 
water for 24 hours and then put intoa 
pressure pycnometer operating at 
1,200 p.s.i. These specific gravity 
determinations would check one with 
another, but when they were used to 
designa batchof lightweight aggregate 
concrete, the concrete yield was in 
Due to 
this difficulty experienced here in the 
selection of an acceptable concrete 
design, the following procedure is 
recommended. 

The accepted method of concrete 
design outlinedin Construction Bulle- 
tin C-1llis basedon absolute volumes; 
quantities are measured by weight, 
making use of the fixed relation be- 


_tween weight and volume which we call 


saturated-surface-dry specific grav- 
ity. In lightweight aggregates the 
variable absorption makes this SSD 
gravity an indeterminate quantity. 
Therefore, the customary design 
procedure simply is not compatible 
withthe characteristics of the aggre- 
gate and some other procedure must 
be devised. 

The method that is recommended 
here involves pilot tests, employing a 


full-sized miner and full-sized trial 
batches on the job. The method of 
design is outlined below: 

Determine the dry unit weights per 
cubic foot of both the fine and coarse 
aggregates. This is necessary, not 
asastepinthe design, but to conform 
to A.S.T.M. Designation C 130-42 
which sets a limit on the weight per 
cubic foot of both the fine and coarse 
aggregates. The weight per cubic foot 
of the aggregates may also be used, 
after the design is determined, to 
relate the mix to a volume basis. 

The approximate absorption and/or 
free moisture of the materials may be 
determined so as to reduce the as- 
sumption of total water necessary to 
produce the required workability. If 
the absorptionis to be determined the 
material should stay submerged in 
water at least 72 hours prior to the 
determination. 

In determining the batch which will 
provide a suitable yield and work- 
ability, start with a combined 
aggregate weight which will produce a 
lower yield than that whichis intended. 
In convenient increments, increase 
this total aggregate weight until a 
higher yield is produced than intended, 
The amount of water on each batch 
should be controlled by slump tests so 
as to produce the required workability. 
Test specimens may be taken from 
each batch run; curves may be con- 
structed reflecting strengths vs. 
water-cement ratioand yield vs. total 
pounds of aggregate used. Fromthese 
curves drawn on the pilot batches a 
suitable design may be obtained for 
use on the job. 

The weight of lightweight aggre- 
gates, tabulated in Table 1, found 
necessary to produce a Suitable con- 
crete batch yielding 27 cubic feet of 
concrete per cubic yard, are for all 
three sources of lightweight aggre- 
gates which were _ investigated, 
namely, Haydite expanded clay of 
Houston, Texas; expanded shale from 
San Antonio, Texas, Converse Pit; 
and expanded shale from Strawn, 
Texas. 

The flexural strength at seven days 
and the compressive strength at 28 
days that could be anticipated when 
using lightweight aggregate for 
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structural use were also under 
investigation. It was found when a 
lightweight aggregate concrete batch 
is properly proportioned producing a 
workable plastic mixture containing 
27 cubic feet and 6 sacks of cement per 
cubic yard of concrete, that the flex- 
uralandcompressive strengths would 
compare favorably with the conven- 
tional Class ''A" concrete now in use 
by the Highway Department. There is 
one point that should be made at this 
time. Concrete produced '_ using 
expanded shales and expanded clays as 
their aggregates will attain approxi- 
mate maximum flexural strengths 
when tested at the end of a 40-day 
curing period. The approximate 
maximum compressive strengths are 
obtained when tested at the end ofa 
60-day curing period. Flexural 
strengths, when tested at seven days, 
are approximately 77 per cent of 
40-day flexural strength. Compressive 
strengths, whentestedat28 days, are 
approximately 78 per cent of 60-day 
tests. These comparisons, whentaken 
on a percentage basis, agree very 
closely and are significant. In Bar 
Diagram No. 1 are listed the flexural 
and compressive strengths which are 
typical of concrete made from the 
lightweight aggregate sources inves- 
tigated in the Materials and Tests 
Laboratory. . 
RETROGRESSION OF FLEXURAL 
STRENGTH: Ona construction project 
a test beam inadvertently was per- 
mitted to dry out for about a week 
following the moist curing period and 
was tested in the dry condition. Its 
flexural strength was approximately 
half that of the moist-cured beams 
previouslytested. The questionarose 


as to whether or not this was a 
characteristic of lightweight aggre- 
gate concrete. The method of 
investigation consisted of preparing a 
number of beam specimens for 
flexural tests using lightweight and 
conventional aggregates and em- 
ploying various methods of curing. 
There were in general, two groups of 
beams. Specimens from one group 
were continuously moist cured for 
various periods and tested while 
moist; specimens from the second 
group were tested ina dry condition 
following seven days of air drying, 
with or without preliminary periods 
of moist curing. Beams that were 
tested immediately following seven 
days of air drying consistently had 
much lower flexural strengths than the 
beams that were tested immediately 
following periods of moist curing 
regardless of the type of aggregates. 
Inorder for test results to be signifi- 
cant, it is necessary that the method 
described in A.S.T.M. C 42 be 
adhered to. 

It is postulated by the writer that 
when a concrete specimen dries, 
tensile stresses are setup in its outer 
portions. When a flexural load is 
applied to such a specimen, the 
stresses already present are in the 
same directionas the applied stresses 
and tend to decrease the applied load 
necessary to rupture the specimen. 

MODULUS OF ELASTICITY: In 
answer to requests from designers 
and producers for information con- 
cerning the modulus of elasticity of 
lightweight aggregate concrete, 
stress-strain relations of several 
different designs were determined. 
Each of the stress-strain curves 


TABLE NO. 1 


Aggregate - Wt. - Lbs. 


Cement Fine 
Source Sacks Coarse Fine Sand 


Expanded clay, fine 
and coarse aggregate 
D-11, Houston, Texas 6 983.0 1069.0 


Expanded shale - fine 
and coarse aggregate 
plus field sand, D-5, 
San Antonio, Texas 6 837.0 Suu.5 ok. 5 


Expanded shale - fine 
aggregate only, D-6, 
San Antonio, Texas 6 1728.0 


Expanded shale - fine 


aggregate plus admix 
sand, Strawn, Texas 6 1320.0 330.0 
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Total w/C Cement 
Water Ratio Yield Factor sl Air 
Gals. Gal./Sk. Cu.Ft. 


‘ump 
Sk/Cu.Yd. Inches 


G61 we LOW 27.00 6 3 9.5 


48.51 8.08 27.00 6 2 7/8 7.4 


52.80 8.80 27.00 6 1 7/8 8.3 
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(Figures 2, 3, and 4) is typical of a 
particular design (see Designs 5, 6, 
and 11 in Table 1). 

The compression tests were per- 
formed on a 200, 000-pound capacity 
Ssouthwark-Emerypress. The defor- 
mations were measured with a 
micrometer dialattachedto the frame 
of the press by means of an angle-iron 
bridge. Simultaneous readings of load 
and deformations were recorded at 
intervals of 0. 002 inches deformation. 
To eliminate irregularities due to 
seating phenomena, a load of 1, 000 
pounds was applied and released three 
times before data wererecorded. The 
load was then continuously increased 
until failure of the specimen occurred. 

Two methods of computing the 
modulus of elasticity were employed. 
One was the tangent to the curve of the 
point of steepest slope which usually 
occurred at about 50 per cent of 
ultimate strength. Thesecond was the 
secant modulus at 50 per cent of 
ultimate strength. Previous ex- 
perience with repeated loading and 
unloading of specimens having similar 
characteristics has indicated that the 
entire lower portion of the stress- 
strain curve probably will become a 
straight line parallel to the tangent 
which had the steepest slope on the 
first loading. 

The stress-strain curve in Figure 
2is typical of Design No. 11 in which 
both fine and coarse aggregates were 
expanded clay from the HouSton area. 
The portion of the Curve AB is the 
steepest slope. Average maximum 
tangent modulus for a group of three 
is 1,310,000 p.s.i. ThedottedOC is 
the secant modulus at 50 per cent of 
ultimate strength. Its average value 
is 1, 040, 000 p. s.i. 

The stress-strain curve in Figure 
3 is typical of Design No. 5 in which 
fine and coarse aggregates were ex- 
panded shale from the San Antonio 
area. Local field sand was admixed 
with the fine aggregate. The portion 
of Curve AB is the steepest slope. 
Average maximum modulus for a 
group of threeis1, 482, 000p.s.i. The 
dotted line OC is the secant modulus 
at 50 per cent of ultimate strength. 
Its average value is 1, 020, 000 p.s.i. 

The stress-strain curve in Figure 


rite 


4 is typical of Design No. 6 in which 
only fine aggregate (100 per cent 
passing the 3/8-inch round opening 
screen) from the San Antonio area was 
used. Theportion of Curve AB is the 
steepest slope. Average maximum 
modulus for a group of three is 847, 000 
p.s.i. The dotted line OC is the 
secant modulus at 50 per cent of 
ultimate strength. Its average value is 
720, 000 p.s.i. 

CONCLUSIONS: One definite con- 
clusion stands _ out. Lightweight 
aggregate concrete batches cannot be 
designed by the usual methods which 
are applicable to conventional aggre- 
gates. The only satisfactory method 
of batch design that has been devised 
is based on the determination by trial 
batches of the total weight of combined 
aggregates which will yield the 
required quantity of finished concrete 
whencombined withfixed quantities of 
cement and air-entrained admixture 
and the quantity of water necessary to 
produce the desired workability. 
Specific gravity in the saturated, 
surface-dry condition and unit weight 
of lightweight aggregates are elusive 
and indefinite properties. The design 
ofa concrete mix should not be based 
ondeterminations as undependable a 
these are. | 

The apparent retrogression in 
flexural strength is not a character- 
istic of lightweight concrete. Dry 
beams break at a lower load than wet 
beams and the difference represents 
only adifference intesting procedure. 

The compressive and flexural 
Strengths of lightweight aggregate 
concrete containing six sacks of 
cement per cubic yard compare 
favorably with those of concrete made 
from conventional aggregates and 
containing five sacks of cement per 
cubic yard. 

The modulus of elasticity of light- 
weight aggregate concrete is lower 
than the value usually assigned to 
concrete made with conventional 
aggregates and it varies somewhat 
with the particular aggregates used. 
Maximum modulus of elasticity ranged 
from 0.85 x 10° p.s.i. to 1.48 x 106 
p.s.i. The secant modulus at 50 per 
cent of ultimate strength ranged from 
0.:72.x108: pis /1. to 1e 04is10G pene 
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| he subject of my discus- and that is good. It is good because 
| sionis ''The Possibilities thereis no way to get the engineering 
| Ofebhrecasi= CONCretcan profession or the contractors to accept 


Highway Structures." I 
want to expand this to 
include prestressed concrete as well 
as conventionally reinforced concrete. 

In making a study of highway costs 
of now and 1925, the Bureau of Public 
Roads publication, ''Highway Statis- 
tics, ''1952, indicates that the cost of 
earth work has increased only 10-12 
per cent. However, concrete paving 
is up 78 per cent and unit prices for 
bridge construction have increased to 
two and one-half times the 1925 
averages.A large part of the difference 
could be explained by the high degree 
of mechanization of earth work and 
the relative lack of mechanization and 
failure toimprove methods for bridge 
work. In an effort to find part of the 
answer to the problem of building 
low-cost bridges, the Texas Highway 
Department is sponsoring a research 
project here at A & M onthe use of 
precast and prestressed elements in 
highway structures. 

Any time anew development comes 
along, it immediately meets with 
strong opposition from the die-hard 
faction that is against any kind of 
change. Precasting and prestressing 
have met with this normal resistance 
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anew developmentinthe dark, it must 
be tried and tested. I would say that 
precasting and prestressing have been 
investigated sufficiently to warrant 
their use in present-day bridge build- 
ing. Todemonstrate this point, Irefer 
you to the Bible, I Kings 6:7, where 
we are told that King Solomon's temple 
was built of stones cut Squared and 
numbered inthe quarryand of timbers 
prepared inthe forests of Lebanon and 
then shipped to the job site for 
assembly, sothat no metal tools were 
needed or used, in erecting the build- 
ees ise sone. Ol the earlier 
examples of prefabricating. 

There is nothing -particularly 
mysterious about prestressing con- 
crete members for: structures. Pre- 
stressed concrete employs the same 
fundamental principle that has been 
employed for ages by barrel makers 
who force metal hoops tightly around 
wooden staves to hold them in com- 
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pression, thus preventing any cracks 
opening up due to the bursting forces 
of the material placed in the barrels. 
Patents were issued for prestressing 
concrete as early as 1881 and even 
though the first attempts were un- 
successful, European engineers have 
been using it satisfactorily for the 
past 30 years. You may recall from 
Mr. Stephenson's remarks yesterday 
that we have only had a printed AASHO 
bridge specification since 1931. The 
relatively recent development of high- 
strength steel with ultimate strength 
values in the neighborhood of 250, 000 
p.S.i.. makes it practical to employ 
the prestressing principle in concrete 
and various other types of construc- 


Ome NPrestressing.” tasita.general 
term, falls into two classes, pre- 
tensioned and post-tensioned. In 


pre-tensioning, the steel is tensioned 
before pouring the concrete, whereas, 
In posSt-tensioning, the § steel <is 
stressed after the concrete is poured 
and sets up. In the case of a post- 
tensioned, prestressed concrete 
beam, the steelis placed in relatively 
the same position as conventionally 
reinforced concrete, but bond is 
prevented by wrapping the steel or 
placing it inside a thin-walled tube. 
Frequently, holes are formed for the 
steel with rubber hose or some Similar 
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device and the steel is pulled through 
the hole after the concrete sets up. 
After the concrete has cured suffi- 
ciently the steelis stressedtoas much 
as 0.7 the ultimate strength and 
anchored at the ends of the beam, 
transferring the same total load to the 
beam that exists in the steel. This 
causes high compressive stresses on 
the tension side of the beam and in the 


ideal design leaves a zero Stress in the 
top fibers. When the beam is placed 
in service the load must be sufficiently 
large -to reduce the compressive 
stress in the bottom of the beam to 
zero or actually to cause a small 
tensile stress before cracking the 
bottom fibers of the concrete. In fact, 


this practically doubles the load- 
carrying capacity, 


as compared to 
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CONSTRUCTION 


conventionally reinforced concrete 
beams of equal size, by making all of 
the concrete work to carry the loads, 
instead of just using the portion above 
the neutral axis. Prestressing has 
manyadvantages. Wesave materials. 
This reduces the dead load and saves 
money in handling costs, freight, and 
erection, and even reduces the cost 
of the substructures. We have the ideal 
cancrete, without cracks, and the 
maintenance costs are practically 
zero. 

Precasting concrete members 
will make it possible to utilize all the 
mechanical devices now available to 
manufacturers of concrete products. 
By doing the work in centralized 
locations ideal laboratory control of 
material can be effected and mass 
production principles can be applied. 
These points have been demonstrated 
as facts by the building industry. 

Bearing in mind the potential 
savings in labor, job-site forming, 
shoring, etc. in precasting, and 
potential savings in materials and 
maintenance costs due to prestress- 
ing, let us consider the possibilities 
of application in highway structures. 

Some of the principles previously 
mentioned are in use at the present 
time, and as taxpayers we are 
fortunate that the Texas Highway 
Department is a progressive organi- 
zation. ASoneexamplelI cite the type 
of concrete bridge being employed by 
the Texas Highway Department on 
short spans using a pan-type concrete 
form that requires no shoring or wood 
forming between supports. This isa 
step in the right direction toward 
precast construction. Bridges are 
being built elsewhere in the country 
using precast prestressed beams with 
poured-in-place slabs, with shear 
connectors joining the slabs to the 
beams causing composite action for 
Supporting the live loads. Other 
bridges are being built using precast 
prestressed beams and a deck of 
precast prestressed slabs. A sus- 
pension bridge over the Rio Paz 
between El Salvador and Guatemala, 
Central America, has a floor system 
of channel-shaped prestressed mem- 
bers in which the member serves the 
function of the deck and the stringers. 


M. Freysinnet designed three pre- 
stressed concrete arch bridges for a 
four-lane highway in Venezuela with 
the main Spans approximately 500 feet 
long anda clear height up to 246 feet 
above stream bed in which practically 
the entire structure was made up of 
prestressed precast units. Multiple 
use ofallforms was thereby possible, 
and relatively little shoring was 
necessary. Aprecast bridge approx- 
imately two miles in length has been 
built over the Bay St. Louis on U.S. 
90 along the Mississippi Gulf Coast. 
The bents are made up. of precast 
piles with poured-in-place caps. The 
stringers anddeck are cast integrally 
on the shore in units providing two 
traffic lanes and spanning 41 feet. 
These large units are floated into 
position. There are several other 
outstanding accomplishments of this 
type that could be cited if time would 


permit. 


Now let's consider what the future 
holds. Earlier we outlined the possible 
material and weight savings due to 
prestressing, we may be able to reduce 
this by one-third using lightweight 
aggregate. Dependable concrete 
batches using expanded shales and 
other lightweight aggregates, with 
compressive stresses up to 6, 000 
pounds per square inch, are now being 
used in the building industry. With 
proper curing we can attain strengths 
of 3,000 to 4,000 p.s.i. in 12 to 24 
hours without undue cost or trouble. 
As soon as we eStablish some of the 
characteristics of this concrete, such 
as the modulus of elasticity and plastic 
flow, we will be able to use it in 
prestressed work as well as simple 
precasting. However, prestressed, 
precastconcrete piles, precast abut- 
ments and bent caps, and precast 
elements for stringers and decks are 
all practical, and enough information 
is now available to design them safely. 
Iwould makea guess that 80 to 90 per 
cent of the bridges built in Texas are 
less than 60 feet long. For these 
bridges it would be possible to deliver 
elements in trucks to the job site 
where three men with one rig could 
erect anentire structure in very little 
more time than it now takes to drive 
the piles. There are unlimited pos- 
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sibilities for use in the maintenance 
and improvement of existing struc- 
tures. A greatdeal of time and effort 
can also be saved in the widening of 
existing bridges. There are many 
instances where an entire new bridge 
can be built using precasting and 
prestressing for less money than we 
now spend strengthening and widening 
an existing structure. 
Facilities are now commercially 
available for the manufacture of the 
elements described this morning in 
all the major cities. However, most 
of these plants are manufacturing 
members for buildings and maximum 
savings cannot be realized until the 
Highway Department is in a position 
to adopt standard shapes and sizes, 
as in the steel industry. In our re- 
search project, we have worked up 
information, more or less in an 
exploratory manner, on beams of 
several different sizes and shapes 
which could be precast very economi- 
cally. At the present the best design 
appears to bean I-shaped member that 
would be placed side by side on the 
supports, servingas the stringers and 
deck at the same time. These members 
would be stressed laterally across the 
bridge after placing and would function 
as aconcrete Slab the full depth of the 
beam. The members are small enough 
for easy handling and make maximum 
use of all material with a minimum 
dead load. For instance, with a 
member twenty inches deep you could 
Span up to 60 feet for an H 20 loading 
on a simple span. These members 
would weigh approximately 16, 000 
pounds each, and of course shorter 
spans with lower load requirements 
would decrease this accordingly. 
Most District Engineers could make 
considerable savings by setting up 
their own casting yards for making 
members to be used in their mainte- 
nance programs. Whenthese methods 
have been employed for some time, 
it may be cheaper to buy the various 
members from commercial sources. 
Many District Engineers have 
small bridges with concrete abut- 
ments, but with superstructures that 
need replacing. For structures of 
this typea farmer could drive to town 
inthe morning over the old bridge and 
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go home in the evening on a new 
concrete deck, Structure. 

Although prestressed concrete 
promises great savings using the 
systems now available, there are 
still many improvements that can be 
made. Forexample, the end anchor- 
ages now in use for post-tensioned 
construction have three district 
disadvantages: 

(a) They are too expensive. 

(b) It is necessary to order the steel 
to exact lengths from the factory, 
which causes delays on the job and 
leaves practically no leeway for cor- 
recting the inevitable field errors. 

(oc) All” of (the presents yvstcnrs 
employing the use of large diameter 
rods and cables have shims or fittings 
that protrude past the bearing plate 
at each end of the member. This 
undesirable protrusion will amount to 
as much as three or four inches for 
beams 50 feet in length. This is 
undesirable because it necessitates 
wider bent caps and abutments. 

As a part of our work at, the 
Engineering Experiment Station we 
are developing a new end anchor, as 
shown in the figure, to correct these 
three problems. It has a low initial 
cost, is easy to install, can be used 
with steel rods or cables ordered to 
approximate lengths, and the entire 
anchor will fit inside the beams, 
allowing them to be placed end to end 
with a maximum clearance which in 
turn permits the use of bent caps and 
abutment seats of minimum widths. 
It will be necessary to make some 
physicaltests of these devices before 
they can be’ put" in-use) butaii sine 
finished product measures up to our 
expectations it will save a consider- 
able amount of money. 

In summing up this discussion let 
me say that we do not expect precasting 
or prestressing. “concrete -to" bea 
cure-all solution to the bridge building 
problem but if savings of as little as 
3 per cent to 5 per cent can be effected, 
we can save from $5C0,000 to $1,000,000 
per year in Texas arone. The possi- 
bilities are a great deal greater. We 
invite suggestions and advice from 
each of you, and will answer any 
questions you may wish to ask to the 
best of our ability. 
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Whenasked to prepare a paper for 
presentation to this group, I begana 
searchinaneffort to determine which 
data concerning *Current’’Design 
Methods had previously been dissem- 
inated to our organization. As a 
result, I found that several excellent 
dissertations had been _ published 
concerning both the theory and 
mechanics involved in determining 
allowable loads on drilled shafts. A 
paper by Mr. M. D. Shelby and Mr. 
Pat Clark, and’ one by Mr. Chester 
McDowelland the Materials and Tests 
Division at Camp Hubbard, utilizes a 
rigorous, mathematically exact design 


which culminates in an_ easily 
expressed graphical solution. The 
procedure followed by Mr. Fred 


Harriss scan * be described “as*%an 
analytical solution which is solved in 
part graphically and in part analyt- 
ically. 

I feel that a discussion by myself 
on the mechanics and theory alone, 
which has already been presented, 
would be superfluous. Asa result, I 
have decided to arrange this paper in 
such a manner that it will detail the 
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design features for drilled shafts from 
its initial stage down to and including 
parts of the several papers previously 
mentioned. 

Mneremare @many factors in} the 
selection of the proper and adequate 
foundation for any type of bridge or 
structure. However, whether’ the 
designer ultimately decides upon a 
drilled shaft, or another type, a care- 
ful study must’ be made before ‘a 
decision can be reached as to which 
foundation is best suited for a 
particular situation. Naturally, we 
would not first make a decision to use 
a drilled shaft and then determine how 
we would fit this design into the 
formations encountered. So, regard- 
less of the ultimate design, the initial 
study and exploration would remain the 
same. 


Be fe 


In essence, the design problem 
may be summarized thusly. The 
designer first starts as far back as 
existing data will permit. From this 
point, he proceeds ina straight line 
andas he learns more of the features 
of the stream or crossing over which 
the proposed structure will span, 
preconceived ideas may possibly drop 
out and new ideas will take their 
places. Then, in the final analysis 
the designer is usually left with one or 
two possible methods of design from 
which a final decision must be made. 

If the proposed structure is in an 
area which is geologically consistent, 
both horizontally and vertically, our 
problemis simplified. Conversely, if 
the structure is in an area of erratic 
geological formation, all available 
data is necessary. <A record of high 
water, the magnitude and rate of runoff 
in the area above the structure, the 
amount. of debris carried by the 
stream, evidence of Scour, evidence of 
the stream having shifted its course 
or a possibility that it might’ do so, 
any recent man-made change or 
development above the stream which 
would influence runoff, and _ the 
topography are factors which will 
definitely influence our thinking in 
determining the type of foundation 
to be used. 

Some of this data may be found in 
our officefiles. Physical evidence at 
the proposed crossing site if often 
available, and an additional source of 
information may be gathered by the 
Resident Engineer in his conversa- 
tions with the older inhabitants of the 
area. 

The first material step to be taken 
as an aid in intelligent design is a 
thorough exploration job consistent 
with the difficulty in crossing the 
proposed site and the standards 
expected ofthe new structure. There 
iS no way of predetermining the 
number of borings necessary to get 
adequate information. However, 
enough borings must be takento enable 
us to plot the stratigraphy throughout 
and beyond the length of the proposed 
structure. Then, when the job. is 
placed under construction, we will 
know what to expect and where to 
EXDCOU IL. 


-74- 


With boring data and soil tests 
available, we must determine to our 
satisfaction that the soil stratigraphy 
isasaccurateas may be warranted in 
keeping with the proposed structure. 
From our drilling report andtest data, 
asoilformation profile is drawn, and 
an outline of the new structure is 
superimposedthereon. Westartatthe 
natural ground line and proceed down- 
ward tying each individual formation 
together. This is done by comparing 
the visual description of the material, 
its soil constants, its shrinkage factor, 
ifs, moisture content, itsidensiiv aii 
strength properties as indicated by 
triaxial shear tests on undisturbed 
samples, andthe penetrometer values 
for the material. 

Withthis informationavailable, we 
are inposition to trace the underlying 
soil formations throughout the site, 
and study their possible effects upon a 
new bridge. Actually, this amounts 
to nothing more than a comprehensive 
soilprofile. The stratigraphy should 
be worked out to a depth of at least 
twice the width of the new structure 
below the deepest proposed cut or 
below the stream bed. 

Many questions will arise which 
must be answered, andthe information 
determined from the profile as out- 
lined above is an absolute necessity. 
Without this knowledge, one is unable 
to make an intelligent analysis as tothe 
type of foundation which should be 
used. 

The most important single factor in 
determining the feasibility of a drilled 
shaft, other than the requisite load- 
bearing ability of the formations below 
the footing, is the location of a forma- 
tion in the stratigraphy of adequate 
depth below natural ground and 
adequate thickness of the formation 
itself. When designing for driven 
piling, we are interested in the 
characteristics of each formation 
from natural ground to some distance 
below the tip of the piling, whereas, 


in a drilled shaft design, we are 
unconcerned with<) the strength 
characteristics of the formations 


above our footing. Our chief concern 
here is a formation in which we can 
land our footing and the material some 
distance below. Regardless of the 


strength of the formation in which we 
land our footing, it must be of the 
nature that enables us to enlarge the 
shaft. Naturally, this rules out landing 
abellina cohesionless material. We 
must either land above or below. If 
we land above a cohesionless material, 
our concernisthatthis material be as 
good or better than that in which we 
land ourfooting. Ifwe land below, we 
must be far enoughin order that water 
which often accompanies a cohesion- 
less material may be sealed off during 
construction, thereby enabling the 
contractor to drill, bell the bottom, 
place steel, andfillwithconcrete. We 
are not interested in the material 
above our bell other than having a 
formation in which water canbe sealed 
off. This is so because we do not 
consider a drilled shaft to carry any 
loadinfriction. Thisassumption may 
ormaynotbe valid, but itis safe. At 
some future date we may be able to 
predict with confidence the load in 
which a drilled shaft may carry in 
friction. It now appears that friction 
depends almost entirely upon the type 
of material through which the shaft 
passes, At this time, however, our 
design for a drilled shaft is based on 
point bearing only. 

We are always confronted with the 
problem as to the minimum depth 
below natural ground at which we may 
land our footing. As many of you 
know, we often find our stratigraphy 
inverted. By that, I mean that the 
stronger formations appear near the 
surface, whereas, the deeper we go 
the weaker the formations become. 
Incidentally, when such a formation 
as encountered; ‘it. is, generally ad- 
visable to dispense with ideas of a 
drilled shaft, and go to one of the 
other types. This particular point 
will be covered later. Foundation 
engineering is notanexactscience, as 
the argument over a minimum depth at 
which to land a bell shaft will verify. 
It should be kept in mind that all of 
these remarks are prefaced upon the 
assumption that the foundation ma- 
terial with which we are dealing is not 
of the hard shale or rock variety. 
There is usually no problem when you 
drill a few feet to bedrock. Our 
problem here is concerned with the 


plastic and cohesionless formations 
throughout the state. 

Now to take up this issue again as 
to: minimum depth - some engineers 
are completely satisfied touse a depth 
of at least twice the diameter of the 
bell where erosion is no problem. 
They are often justified, inasmuch as 
the next formation in which they can 
bell may be 50feet lower. The writer 
feels that the footing for a drilled 
shaft should not be placed closer than 
20 feet to natural ground upon the 
premise that at this depththe moisture 
content of the formationupon which we 
have placed our footing will remain 
constant. Consequently, there will be 
little breathing of the material upon 
which the loads are placed. After 
making an analysis of the soil 
stratigraphy and we discover that the 
formations from 20 feet to 30 feet are 
the type which have sufficient strength 
bearing properties, that these prop- 
erties increase with depth, and the 
material is of such a nature that it 
may be belled - we have found the 
ideal... .1 dos not -mean to imply, 
however, that 20 feet is an absolute 
minimum and 30 feet is an absolute 
maximum. This can be decided only 
when all contingencies have been 
accounted for. 

Another aspect, closely associated 
with determining the minimum depth 
at which to land a footing, is that of 
scour. Regardless of the shearing 
strength of a potential footing for a 
bell shaft, it is of no consequence if 
thereis a possibility of the formation 
being undercut at some future date. 
Here again, an analysis of the soil 
profile often furnishes a clue to the 
possibility;o1 such’ an vevent) = “This; 
incidentally, lends credence to the 
proponents of the argument that we 
should carry our footing to a greater 
depth. Ishould add here that there is 
alwaysa chance that a stream will be 
deepened by man at some future date. 
Consequently, itis easier to allow for 
this factor in the design stage than be 
faced with it several years after the 
bridge is built. 

Still another point related to the 
same topic of inadequate footing depth 
concerns the shaft design in the abut- 
ment bents of a structure. Merely 
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because our loads are lighter in the 
abutment bents compared to the 
interior bents, doesnot always justify 
landing our abutment footing at a more 
shallow depth. If the footings are 
landed too high, additional stresses 
imparted to the embankment by the 
shafts may cause the fill adjacent to 
the stream to dish; or slide out, 
thereby carrying the footing with it. 

When a load is applied to a drilled 
shaft, its maximum intensity extends 
downward through the center of the 
shaft and the bell to a point of almost 
one-half the diameter of the footing. 
As a result, it is not enough that the 
material in which the bell footing is 
founded be of adequate or greater 
strength thannecessary to Sustain the 
load itself, it must be of sufficient 
thickness or must be underlaid with 
another formation as good or better to 
absorb the load imposed from above. 
If such is not the case, the shear 
strength of the foundation medium upon 
which we place our bell is not the 
controllingfactor. We are faced with 
anew one - consolidation. Consolida- 
tion, in itself, is a complex topic, 
whichis made so bythe many variables 
involved. Among these are the load 
imposed from above, the rate at which 
the loadis imposed, moisture content 
of the soil formations, the thiekness 
of the formations below the footing, 
the degree of confinement, and the 
void ratio of the soil itself. 

If each footing is founded upon 
exactly the same material with the 
Same void ratio, the same load, the 
same degree of confinement, and the 
formation is of the same thickness 
throughout the structure and the ma- 
terial underlying the footing formation 
follows these same requisites, we can 
reasonably predict a settlement ata 
future date. As youcansee, however, 
we seldom would be so fortunate as to 
have this group of factors operating in 
our favor simultaneously. Asaresult, 
we must take into account differential 
settlement. Rather than place our- 
selves in this position, it is common 
practice and good engineering to keep 
the applied loads within a range that 
is well under the yield point of the 
formations involved. Bydoing so, we 
canusually prevent undue settlement, 


differential settlement, and progres- 
sive failure. 

You will notice on the enclosed 
calculation sheets that 60 pounds per 
square foot (submerged density) was 
used as the weight of displaced 
material. Also, 60 pounds per square 
foot was uSedin the factor Ec. There 
is ample room for controversy here 
inasmuch as, theoretically, the wet 
weight of the displaced material above 
the water table should be used. Our 
difficulty lies in determining the true 
water table, and making an application 
to the soil weight. There are two 
schools of thought concerning this 
problem. One follows the dogma that 
the water table should be determined 
as accuratelyas possible with the wet 
weight of the material being used 
above the table and the buoyant, or 
submerged, weight of the material 
being used below the table. The second 
school of thought adheres to the theory 
that. the designer. should use the 
submerged weight inallofhis calcula- 
tions. Inorder to determine the water 
table, itis common procedure to drill 
ahole, leave itopen for 24 hours, and 
then measure the depth to free water 
below the natural ground. Asa result, 
those that adhere to the first thought 
base their designupon the elevation of 
free water. Frankly, the determination 
of the true water table is extremely 
difficult. The method usedatthis time 
to determine the water table is 
inaccurate, for the reason that the 
height to which water will rise in the 
drilled hole is entirely dependent upon 
the pressure in ‘the swater=bearimnege 
formations below. Rather than try to 
outguess a set of circumstances over 
which we have nocontrolnow, and will 
have none in the future, it appears 
justifiable from the aspect of good 
engineering principles to use the 
submerged weight (wet weight of soil 
minus 62.4), even though in some 
instances it maybe deemed conserva- 
Live. 

From a design standpoint, our 
ultimate interest is in obtaining a 
foundation which will support the 
design loads with little or no deflection 
at the lowest possible cost. So, we 
cannot say that we have made a 
complete analysis of the foundation 
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until we have made an. economy 
comparison, This always hinges upon 
the number of structures ina contract, 
the size of the structures, the load 
which the structures will be required 
to carry, the depth to which we must 
carry our footing to sustain these 
loads, the type of formations en- 
countered and their respective 
strengths, and last but not least, the 
ease with which the foundation may be 
constructed. 

Whenthefinalanalysisis made and 
itappears that a drilled shaft founda- 
tion Should be used for a particular 
project, it is good practice to drill, 
bell a footing, and actually examine 
the entire shaft and bell by visual 
inspection; which the engineer should 
check against his logs and all previous 
data. This is necessary in order to 
assure ourselves that the particular 
formationin which we plan to land our 
footing canbe enlarged and will remain 
relatively cleanfora period of time to 
enable us to place steel and pour 
concrete, Many types of clay forma- 
tions are such that they will satisfy all 
requirements, but when we attempt to 
bell them, the shafts or bell portion 
will not stand open. The shaft itself 
is no problem, inasmuch as it can be 
cased, butthe bell portion can present 
a difficult problem because of the 
unsupported overhanginthe bell. You 
may wonder whether this information 
could not be garnered from undis- 
turbed cores. Oftenitcan, butithasn't 
been proven until we have actually 
drilled a shaft and tried it. We have 
found this to be cheap insurance. If 
this policy is followed, it is believed 
that an economy will be reflected in 
future bid prices by contractors. 

With the previous material as 
background data, let's examine a 
typical site wherein there is a possi- 
bility of using a drilled shaft. I have 
Superimposed a five-bent, slab-span 
bridge onastream profile. From the 
drilling logs of three borings, the 
formations under the bridge site were 
traced and tied together as shown. I 
have numbered the formations from 1 
through 7 inclusive for reference. This 
stratigraphy is good for an example; 
however, one would rarely find the 
formations as consistent in actual 


practice as I have diagramed here. The 
formations are classified according to 
visual inspection, the penetrometer 
values are notedat the depths at which 
they were taken, and the physical 
strength characteristics as deter- 


mined by jtriaxial” test = data on 
undisturbed samples, are recorded for 
comparison. 


Formations 4 and 7 are of such 
nature as to make it extremely difficult 
to get undisturbed samples. Often in 
material such as this, we are able 
to obtain densities and moisture 
contents. With these two character- 
istics known, if such be necessary, it 
is possible to closely reproduce this 
density and moisture content within the 
laboratory. Then, by using a vacuum 
as the lateral pressure, we can conduct 
triaxial tests on the material and 
obtain a rather accurate angle of 
internalfriction. Whenthis procedure 
is followed, a word of caution is in 
order. At some future date some of 
the overburden may be removed in 
Formations 2 and 3 and there could be 
an increase in water pressure in 
Formation 4, which may create a 
quick condition in the sand, and any 
bearing value that had previously been 
obtained would beacademic. For this 


purpose, and generally the designer 
is” justified in. soing . So). sl). have 
arbitrarily assigned values of 


cohesion and angles of internal friction 
to Formations 4 and 7. It is obvious 
that we would not land in Formation l. 
Formations 2 and 3 have low-bearing 
values, and since they are underlaid 
by Number 4, we can eliminate them. 

It appears that the firm red clay in 
Formation 5 is the first one to have the 
requisites for a foundation medium. 
The underlying Formations 6 and 7 are 
both good, and if after a strength 
analysis, we determine that Formation 
5 is suitable, our footing should stop 
somewhere inthis strata. Formation 
4will require casing, and as a result 
we would be unable to land or bell 
higher thanelevation 45 feet. We can 
assume here that it will be necessary 
to screw our casingto a depth of about 
1.5 feet into the firm red clay in order 
to seal off the water-bearing sand 
above. This would bring us down to 
about elevation 48 feet. Then, we must 
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allow room for the conventional belling 
toolto flare out when cutting the bell. 
This distance depends upon the size 
andtype of device used. At this stage 
of analysis, the designer would 
probably be unfamiliar with the type 
of belling device to be used, conse- 
quently, he should probably carry the 
footing to a depth at which there will 
be no questionof sealing off water and 
cutting the bell to the required size. 
You will note that elevation 42 feet was 
selected as the appropriate depth at 
which to land the footing. 

A foundation engineer’ usually 
considers the heavier loads first, 
based on the assumption that the 
lighter loads will take care of them- 
selves. With this in mind, as our 
calculations at elevation 42. feet are 
borne out for the interior bents, we 
can work out the abutment bents. 
Formations 22.13, and «4e0earessstl! 
unsuitable for reasons’ previously 
mentioned. Consequently, the abut- 
ment footing will probably have to be 
carried to about the same depth as 
those in the interior bents. 

We have mentioned the danger of 
consolidationat anearlier point in this 
paper. As wedonot generally conduct 
consolidationtests, it is necessary to 
have some assurance that undue 
consolidation will not take place. From 
a study of the log sheets on which the 
soil constants are plotted, you will 
note that the plastic limitand moisture 
content inboth Formations 5 and 6 are 
melativery Close topether., “Uhis is in 
our favor, inasmuch as it indicates 
that this materialis already ina highly 
consolidated state and we would not 
expect undue consolidation henceforth, 
if our loads are maintained at a 
reasonable range below the yield point 
of the material. 

The relationship between the liquid 
limit, moisture content, and plastic 
limit, asdrawnonthe log sheet, is an 
excellent point at which to make an 
initial investigation as to the feasi- 
bility of a drilled shaft. It is only 
Necessary TOs scan ine, relationship 
portrayed on the log and the designer 
can quickly obtain an idea of the 
problems involved ina drilled shaft. 
If the relationship is consistent as I 
have indicatedhere, the possibility of 


Safe 


using a drilled shaft can be kept in 
mind. Conversely, ifthe relationship 
is inconsistent, the formations are 
thin, the material has a high liquid 
limit, the moisture content is high, 
andthe material appears to get worse 
with depth, all of which may be 
determined by a rapid scanning 
of sthe. Log ssheet; the Mdesienernmeru 
immediately forget any ideas he may 
have had pertaining to the possibility 
of using a Shaft. 

Let's return to our example. It 
appears at this stage that all requisites 
had been met for the employment of a 
drilled shaft. Figure 1 is a typical 
stress-Strain curve portraying the 
shear strength of the material taken 
from. Formation) <5). nn twhicnrawe 
anticipate landing our footing. Figure 
2 depicts the Mohr Circles which were 
plotted from: the stress-strain data. 
From this, we have determined that 
the material in Formation 95 has a 
cohesion of 4, 000 pounds per square 
foot, and an angle of friction of 4 
degrees. Table IV. is a work. sheet 
illustrating the analytical solution for 
the loadcapacity of a circular footing. 
Only Formation 5 was calculated, 
inasmuch as Formations 1 through 4 
inclusive had been previously 
eliminatedfor various reasons. Now 
again, back to our example you will 
see that the: allowable bearing on 
Formation 5 is determined to be 4.3 
tons per squarefoot. AsSarapidcheck 
of, this; method, | weismavyUse ale 
graphical solution shown in Table VI 
on which the Mohr rupture line as 
determined from Figure 2 has been 
superimposed, Then.a stress line is 
drawn in at an angle of 34 degrees to 
A-axis, intersecting, they X\aax tesa 
point of pressure which is equivalent 
in: pounds. per square inch .to the 
hydrostatic soil pressure at the point 
of maximum stress. In this method, 


‘the point "Z''is 0. 707 times the radius 


of the bell below the footing. Nowa 
stress circleis drawnas Shown, which 
is tangent to both the stress line and 
the Mohr rupture line. The hydrostatic 
soilpressure ''U'' is then substracted 
from the vertical unit stress and the 
result is divided by the appropriate 
influence factor, which in this case is 
0.808. The resulting answer of 4.2 
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tons per square footis certainly close 
enough for a check on the previous 
method. 

You may wonder which of the two 
methods has the greater merit. Per- 
sonally, I think there is a place for 
both. The graphic method is more 
rapid, whereas the analytical method 
is easier to check when someone else 
works it out, because each step is 
tabulated. 


We could consider our problem 
concludedat this juncture. However, 
I think it is advisable to reiterate a 
point which was made earlier. That 
is, after all variables have been 
eliminated and we feel the drilled 
shaft design is feasible, it is necessary 
to drill a test hole on the site to 
substantiate our findings. If we do 
otherwise, we cannot say that we have 
an adequate drilled shaft design. 
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A Typical Stratiography 
With Getline of Bridge (Proposed) 
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(Abutment=120 Tons 
tength of Bridge = 127! —- 68 (Interior-168 Tons 
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t COMMENTS ON FCU:D/TION POSSTPILITIES IFOR EACH FORMATION 


1. Loose gray silt, shallow, possibly subject to erosion; disregard. 

2. Soft red and gray clay, low tearing value, possibly subject to sliding and 
erosion; of little value. - Disregard, 

3. Rather soft calcerous tan clay, no bearing value, possibly subject to erosion. 
If this formation were of somewhat higher bearing value, it would probably still 
be ruled out inasmuch as it is underlain by a loose water bearing sands 
hi lh. Loose gray water bearing sand, a poor formation upon which to rest a footing, 
| and a shaft must te cased through it. 

4 5S. Firm red clay, first formation available which we might use as a footing for 
a drilled shaft. Wwe would probably be unable to land higher than elevation 45.0! 
due to the overburden of loose gray water bearing sand, inasmuch as this sand 
must be sealed off in order to permit us to tell in this formation. It appears 
that elevation 2.0! would te the appropriate depth at which to land. 

6, Formation #6 is probably an excellent material in which to bell, the bearing 
value is more than adequate, it underlies the firm red clay, if we wish to bell 
in Formation #5, and it overlies a dense brown sand, 

7. The dense brown sand in Formation #7 enables us to land in formation #6 and 
sérves as an extremely good underlying medium upon which to place a bell. ! 
NOTE: 1. Penetrometer values are shown as recorded, for example: 13/12 indicates 
: 13 blows at 12 inch penetrations 
i 2. The values in Formation #4 and Formation #7 are assumed. 
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Mohr Circles plotted from 
Stress-Strain Data at Left. 
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The limitations andi concepts of both the Graphical solution and the Analytical 
solution are as follows: 
1. Both are based upon a Poisson's ratio of 0.5.(That is, % the ratio of the develop- 
i ed vertical stress to the applied lateral stress, Poissonts ratio may be determined 
; rather closely by reading the vertical pressure developed when lateral pressure is 
applied without elongation of the specimen.) : 
j 2. The Graphical method is based upor the solution that the point of maximum shear 
1 occurs at a point 0.707 x the radius of footing on a line passing through the center 
\| of the footing for a uniform material, 
3. The Analytical method indicates that the point of maximum shear occurs at a point ’ 
| O.4 x the diameter of the footing. The other factors are same as #2. 
jj 4. The soil overburden is assumed to act hydrostatically in both methods. That is, 
the same lateral pressure is exerted as would be exertedby a Liquid of equal density. 
5. The depth of footing below ground surface is greater than footing diameter for 
both methods, 
6. The assumption that the soil is a plastic or semi-plastic material. 
7+ The foundation soil is of uniform and/or increasing strength for a considerable 
distance below the footing for both methods. 
8. The length of the footing (where a rectangular type is used) must not be more 
than 13 times the width. Where this ratio is exceeded, a special analysis must be 
made. This applies to both methods, : 
9. Due allowance must be made for mticipated scour in computing the values of d& uy, 
10. As a rule of thumb,: the Graphical method should not be used when the rupture line 
from the triaxial data is more than 26°. Also, the test results should be questioned 
when the mgle of friction is determined to be more than 15° for a plastic material, 
\) 11. Some localized shear of high intensity will be developed near the footing edge 
but this is not considered serious since this thin ring of overstress soil may 
borrow strength from the surrounding material. 
12, An appropriate safety factor is used to keep the design stresses in the soil at 
a point well below the yield point of the material, 


Name of Job Dream Bayou Bridge : Control 508 


Location State Highway 73 - Harris County : Section 1 
ANALYTICAL SOLUTION FOR LOAD CAPACITY OF CIRCULAR 
. FOOTINGS 
TABLE Tw 
atrata c h @ FG F* kr c f{E . P 
Depth & Identification psf ft. psf psf tan g) #/tt? 
lowable) 
O'- 2' loose gray silty topsoil hy 10 (1) 
2'- 8' Soft mottled red & gray clay. 900 3 (2) 
8'-15' Rather soft calc. tan clay. 1200 6 (3) 
15'-17' Loose gray water bearing sand. O* 20* (4) 
17'-28' Firm red clay. 4000 h -26 1500 1570 110 ke3: (5) 
28'-37' Very firm tan & red silty clay 5000 16 (6) 
with calc. nodules. 
37'-51' Dense brown sand. O* ox (7) 
SF - 2.0 
Bent loads include weight P= c / Ec tan Eo = 4000 1570 x . 
of shafts. F ¢ SE x01) # 1500 


= 17,300 psf, ultimate 
Letting w = unit weight of soil: or 8,650 psf allowable 
Eo = wHo & Ec = wHc or; 4.3 tsf allowable. 


F% taken from lower chart of Table V. 
Ze - O.4 - Diameter of Bell 


The unit weight "w" is calculated as 
wets ary; submerged. (60pcf) 

Area of 3.0' bell - 7.1 SF 

Diameter of bell = 3 ft. 

Ze or point X = 1.2 ft. below bell. 


Remarks: 1. Assume the bell to land at elevation 42.0' or 25.0' below natural rand 


in formation #5. 
2. Interior bents -(7.1 SF)(4.3 tsf) - 30.6 tons/foeting-so; 168 tons/30.6 = 
5.49; use 6 - 3.0' bell shafts on interior bents. 


3. Abutment bents - 120 tons/30.6 - 3.92; use 4 - 3.0' bell shafts on abutments. 


4, * - Assumed values. 


Let "w! — unit wt. oi soil (Designer will have 
to determine whether to use "w" as Wet, Dry, or 


ies Unit —\\ Submerged weight to fit circumstances) 
Structure E, = WH, & Eg = WH, 3 


qo 


— Zo = Oolt x Diameter of Bell.(This is the point of 
Maximun Stress below footing. $ 
At Critical Depth, Hey 
Hy V= 0.7k(P =EB,) Eg ------ (1) 
V-L=0.583(P = E,) --~---- (2) 
He (The values of 0.7) & 0.583 are Influence Values for V 
& V-L plotted against Depth for a Circular Footing, as 
P-Eo may be found in Fig. 2, p» 76'Use of T.A.T. on 
Vv ouston Urban Expressways"; Procedure of 23rd Annual 
Short Course in Hwy Engi Tex. Eng. Re Stas 8/1919. 
Poisson's ratio assumed equal to Osde 
Vv Maxim shear stress equals approximately one- 
i half principal stress difference. 
Wy L 
TABLE DW 
Le] 
° From Mohr's Diagram: 
3 3 S=2(V-L) cos ---- (3) 
- a a li leet 1 Shen VE EE bad Be 
S Then setting; sac #N tang --- (5 
g es Eqe Noe 5 is the basic equation for determin- 
2) \ ing the pnysical strength properties ofa 
wo soil, The cohesion "c" is the shearing 
c { \strength of the soil at zero normal pressure 
! lon the plane of failure. The frictional com- 


ai Norml1 Stress pee: ofthe shearing strength of a soil is 
Ge eben v defined as’ being directly proportional to 
the normal pressure "N", the value tan g , where # is the angle of internal friction, 
being taken as a constat for a given soil. 


Now, solving for P} --------- P=CZE, tang 
PES. 
F(#) 
P, the Ufltimate Lead Bearing capacity or Ultimate Stress of the formation with which 


we are cbncerned is expressed in tsf, psf, or psi, as the casd may be.To this, an 
bte| safety factor is applied, P, in the above equation was determined by 
setting Eq. 3 & ) in Eq. 5 and solving in terms of Eq. L1& 20 
The denominator, Ff, as shown at lower left, was determined 
by substituting various values for a Friction Angle and the 
results were plotted against FZ. Instead of having to solve 


220 ees 
rd) gi this equation each time, all that is required is to deter- 
mine the Friction Angle, read the Ff, and substitute in 
0.10 8 the above equation. 


KEE (A) |= 0-2915c088 — O-bu85tand # 0.2915singtang 


Note: It should be borne in mind 


Sia 
Seb 
@ +e 
ad ar that this is not an exact solution in- 
ee asmuch as the Influence Values were taken 


0 16° 20° 40. 50 ‘from a plotted curve. (eg. 0-7 & 04563 
Friction Angle g in Eq. 1 & 2. 
+R peer ges 
ANALYTI SOLUTION FOR LOAD CAPACITY OF CI RCULAR FOOTINGS 
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GRAPHICAL SOLUTION FOR DETERMENING ALLOWABLE LOADS 
FOR ee FOOTINGS 
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= 36 vi thout failure. 
Py 3/10, - 10.4 = 93,6/0.808 = 116 psi(Ultimate) 
m0). 000 aaa 


Using a S.F, of 2,0; 116 psi/2 = 58 psi (Working) = 


or; P= 58 x Wh = 4.2 tsf. 
2000 


With a S.F. of 2,0, we cannot allow a load of greater than 4.2 tsf on 
this formation, 

Symbols & Definitions: 

"qd" is depth in ft. from surface of ground to bottom of footing; "r" is the radius 
for circular footings, or radius of equivalent circular area for non-circular foot— 
ings; "z't is depth in ft. Brom bottom of footing to point of max. shear stress in 
soil; "w'" is density of the soil in appropriate units; "u" is the hydrostatic soil 
pressure based upon assumption that the soil acts as a liquid; "H" is the lateral 
unit stress(Minor principal stress or Sigma III); "V" is the vertical unit stress 
or vertical unit pressure (Major principal stress or Sigma I); "P ," is the ultimate 
bearing strength of the soil; "P" is the safe unit bearing strength of the soil; 
Basic Equations: 

z=0,707r3; uzwd42z)3; PypsaV-u or H-u 

0.808 ° 

Note: The above information may be found in a more detailed manner in "Triaxial 
Testing: It's Adaptation and Application to Highway Materials" Part III as developed 
and reported by the Soils Section of the T.H.D. Materials & Tests Laboratory. 

Note 23 The Stress Line in the above diagram is drawn in at 3° because the factor 
of safety becomes infinite when the angle of internal friction exceeds that value 
and the values of 0.808 & 0,230(Influence Factors) are used as shown. Also, the 
Stress Line intersects the X-Axis at the value of "uy" which is the Hydrostatic Soil 
Pressure at the point of Maximum Stress, 
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DRILLED 


No special introduction should be 
needed for drilled-shaft footings to 
Texas nese 
Mave been the subject of a sufficient 
number of papers and talks and have 


been used on enough jobs so that most 


engineers, footings 


construction menare familiar with the 

methods 
drilling contractors in placing them. 
Some of the currently used equipment 


the 
| operation of these cast-in-place piles, 


and equipment employed by 


for drilling and underreaming 


*Based on research conducted by the Texas Engineering Experiment 


ON 


L.A. DuBose, Assistant Professor 
A & M College of Texas 


College Station, Texas 


| Station under a memorandum agreement between the Texas Highway 
Department and the Texas A & M College System. 


SHAFTS 


PS Me 


as well as the now routine procedure 
of placing the reinforcing steel and 
pouring the concrete, was. described 
in the July issue of Civil Engineering 
magazine by Mr. Randle Alexander in 
his article on the Leon River Bridge.! 
today the 


bored-type pile can frequently be in- 


In construction work 


stalled more cheaply than driven 
piles. Hence we find the -drilled 
shafts, with and without underreams, 


being used as substructures for both 
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for 


ings, 


industrial build 
highway bridge and grade separation 
work, and sometimes for homes. 


and 


office 


When formations such as the hard 


shale at the Leon River Bridge 


blue 


the design of 


drilled-shaft footing becomes a 


site are encountered, 


the 


le P/S = A problem with the foot- 


simp 


P, being divided by the de- 


load, 


ing. 
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combination of bearing and sk 


friction must be considered. 
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hes 


complicates the design and the eng 


oe, 


th 


ly plausible arguments — both 


diately confronted wi 
pro and con — on some of the following 


1S - imme 


IghSien¢ 


seeming 


these were no 


Such questions as 


Vi 


-place versus dri 


issues: (1) cast-in 
en) piles. (2). themre lative 
of skinfriction and bear 
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(3) the fluctuat 


skin friction over extended time 
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benefits gaine 


reprace. the 
underreaming 


to 


of this 


objectives 


i 
t for the past year were to 
survey literature on the 
drilled-shaft footings 


principa 


) 
xe) 
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(1) 


subject of 


O 
i) 
= 
O 
uy, 
Ay 


conduct a 


(2) 


. 
? 


field exploration and soil test program 


to establish soil conditions a 


tiawS1te 


. 
? 


on the A& M College of Texas campus 


(3) conduct field loading tests on drill- 


ed shafts of'var 


and (4) de- 


velop a device for measuring bearing 


pressure at the base of a cast-in-place 


pile; 


. 
? 
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Me 
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: Most. of. the 
available literature on the subject of 


ourvey 
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Some of the more 


repoited has 


the past decade. 


been 
Golder, 


Meyerhof, 


work 
by 


tant 


impor 
performed 


Rodin, and Tomlinson: of England, and 
da Costa Nunes and Vargas of Brazil. 
Other research has been reported by 


European engineers, but much of this 
literature is not available in trans- 
lated form. 

Meyerhof developed a semiempirical 
equation based onthe original Terzaghi 
equation for shallow footings.” Actual 
field load tests onten-, twelve-, and 
fourteen-inch diameter piles with 
lengths varying from six to thirty feet 
gave results that agreed with calculat- 
ed values. 

Golder tested cast-in-place piles 
having diameters from _ sixteen to 
twenty-five inches and depths up to 
45 feet.> He stated that the most re- 
liable method of estimating the ulti- 
mate bearing capacity of a pile is by 
means of a loading test to failure on 
the pile itself. Failure was defined as 
the load at which there was continued 
penetration of the pile under no in- 
crease in load. Golder's tests gave 
some evidence that the allowable 
shear strengthtobe used in calculating 
the skin friction on a bored pile is 
about one-half the unconfined com- 
pression strength. 

Rodin and Tomlinson studied both 
cast-in-place and driven piles with 
special tests being made to evaluate 
separately skin friction and base re- 
sistance for the bored piles. 4 Their 


tests showed that in the case of drilled 


piles, the base resistance was in good 
agreement with the theoretical ulti- 
mate bearing capacity of nine times 
the undisturbed shearing strength of 
the soil. The observed skin friction 
was one to two times greater than the 
theoretical maximum _ skin friction 
based on the shear strength of the fully 
softened clay. 

In Brazil, da, Costa Nunes “and 
Vargas compared field load test re- 
sults with values calculated by the 
Meyerhof equation. ° They obtained 
good agreement between field loading 
test results and computed values for 
ten-inch diameter cast-in-place piles 
having lengths varying from five to 
thirty feet. 


Indications are that with the in- 
creasing popularity of drilled piles, 
much additional information will be 
available in a few years. 

Soil Exploration and Testing Pro- 


gram: The soil exploration program 


was conducted by the Bridge Division 
of the Texas Highway Department 
using both their equipment and per- 
sonnel, At a test site on the A& M 
College campus four core _ borings 
were made to depths of 31, 26, 44, 
and 26.5 feet. Continuous undisturbed 
samples were taken using either a 
four-inch diameter Shelby tube or the 
Dennison core barrel sampler. The 
Texas Highway Department's Standard 
Penetration Test was also performed 
adjacent to core borings 2 and 4. 

The undisturbed samples were cut 
weighed for 
density determinations, and then sub- 
jected to the confined compression 
festageiiitese stests 
using the ''Trans-matic" 
Compression Test Cell (designed by 


in eight-inch lengths, 


were performed 
Triaxial 


Fred Harris). Lateral confining pres- 
BUDeC oS 0160-05, .10, wands OF 0. se a1. We he 


LEGEND 


QO NATURAL MOISTURE CGONTENT 
O LIQUID LIMIT 
A PLASTICITY INDEX 


DEPTH OF BORING IN FEET 


80 100 
MOISTURE CONTENT-IN PER CENT DRY WEIGHT 


FIGURE | - VARIATION OF SOIL CONSTANTS WITH 
RESPECT TO DEPTH OF BORING 3. 
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SAMPLE 


SYMBOL ELEVATION 

IN FEET 

° 70 - 75 

50 ras 75 - 80 
o 80 - 932 

+ 92 - 100 


40 


30 


20 


LIQUIO LIMIT 


RELATIONSHIP BETWEEN LIQUID LIMIT AND PLASTICITY INDEX 


FOR VARIOUS DEPTH RANGES. 


LIQUID PLASTICITY MOISTURE | 


LIMIT INDEX CONTENT 
IN PER CE 


TEST 
NUMBER 


SYMBOL 


36.1 
297 
31.2 
Bit 
oF 


1-SA 
3-58 
3-6A 
4-48 


8 max * 38° 


AVERAGE 
COHESION 


0.01 0.02 


UNIT STRAIN 
(a) FIGURE 3 


TYPICAL STRESS STRAIN CURVES 


NORMAL STRESS 
(b) 


IN PSI 


TYPIGAL MOHR DIAGRAM 


SOIL PROFILE TEST PILES 


ps pear me IL «cS LS ART Ven Yes ek. Siceaas - aaa 
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BLACK TOPSOIL GRADUALLY CHANGING 


TO A SANDY BROWN CLAY THEN TO 


| Se cell Pn 4 asl i see a 
| LEAN TAN CLAY 
% 
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ws ayyAUSEAMSHOLEGRAY TSANDGc\c at es] ee a 
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x s-Y Ma 
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7 /, 
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Oy 
20 404 


LAMINATED BROWN CLAY 
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6 6.5 10 10 14 14 186 134 
LAMINATED BROWN CLAY EFFECTIVE LENGTH IN FEET 


FIGURE 4 
REPRESENTATIVE SOIL PROFILE AND EFFECTIVE PILE LENGTHS 


Figure 5 - Observing settlement of a test pile. 
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used for specimens from borings l, 2, 
3, and {4;-“respectively,) These data 
were later used in calculating load 
capacities of the test piles based on 
several of the currently recognized 
equations. 


After 
compression test, 
the laboratory for 
liquid and plastic 
In an effort to 


completion of the confined 
the specimen was 


taken to water 


content, 
limit determinations. 
keep technician errors as constant as 
possible, all plasticity determinations 
were made by the same operator using 
the same equipment. The variations 
liquid limit, and 


limit, 


of water content, 
plastic limit with respect to depth are 
shown in Figure 1," Others data ‘cole 
lected in the College Station area have 
shown a similar agreement between 
the three soil constants. 

A plot of liquid limits and plasticity 
indices on the Casagrande plasticity 
chart (Figure 2) classified most of the 
specimens as inorganic clays of low 
potential Clan 
inorganic clays of high potential com- 
CH weal ne 
data. from certain depth ranges into 


compressibility, 


pressibility, grouping of 
different areas on the plasticity chart 
proved helpful in later interpretation 
of triaxial shear data for Mohr's dia- 
grams. 

Using allof the previously collected 
information on water content, plasti- 
city characteristics, density, and soil 


profile, Specimens were grouped 
according to stratum for drawing 
Mohr's diagrams, A typical set of 


stress-strain curves and Mohr circles 
are shown in Figure 3. The procedure 
was to calculate a maximum and mini- 
mum value for the angle of internal 
friction and cohension and then use an 
average value in calculations of pile 
capacities, 
Field Tests: 
planned were 


The first field tests 
seven-inch diameter 
hand-augered straight shafts with no 
underream, 
LOUn Cac 


Two tests were planned 
of the 


following effective 


rate 


depths: 6» 105,14, and “18 teetS she 
actual drilled depths were two feet 
greater than the values given above. 
Ey using a two-foot section of six-inch 
diameter Sonotube as a form, the top 
two feet of each pile weremrenderca 
ineffective from the standpoint of skin 
friction. “An average soil profile and 
the effective shaft lengths are shown 
in Figure 4. Each pile was reinforced 
with four one-half-inch steel bars ex- 
tending the length of the =pile, [AIL 
concrete for the seven-inch diameter 
piles was hand-mixed using about a 
i:273 mix By” weight “and a-five-inch 
slump. Test cylinders indicated a 
3; 000 .p.-ss-4.—-strength at 26% days 
Load tests were conducted between 
five and six weeks after the piles had 
been placed. 

The loading tests were performed by 
jacking against a WF beam secured to 
the anchor piles by a plate and strap 
arrangement. Loads applied 
with a hydraulic jack and the deforma- 


were 


tion was measured by four dial gauges. 
There was some eccentricity in load- 
ing these small piles and the data from 
four gauges proved useful in calculat- 
ing an average settlement value. 

The test procedure followed that as 


prescribed by the Bridge Division of 


the Texas Highway Department as 
closely as possible. Load and exten- 
someter observations were made at 
fifteen-mintte intervals and loadings 
the total 
additional settlement for a four-hour 


period had not exceeded 0.005 inch. 


were not increased until 


The ultimate capacity of the pile was 
considered to be the load under which 
the total net settlement had not ex- 
ceeded one-fourth inch and the settle- 
ment: during the last 24 hours under 
this particular load had not exceeded 


0-005 2inch: Most of the tests were 
conducted for at least a 100-hour 
period. 


The data was plotted to give both 
load-settlement and time-load-settle- 


ment*curves. =iaypical data fon Testa 
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TEST PILE NUMBER 3 


EFFECTIVE LENGTH = 10 FEET 
POINT DEPTH = 12 FEET 
0.20 AVERAGE DIAMETER = 7 INCHES 
DATE CONSTRUCTED - FEBRUARY 20, 1954 
DATE TESTED - APRIL 6, 1954 - APRIL 12, 1954 


TOTAL SETTLEMENT IN INCHES 


aor 


0.25 


FIGURE 6 - TIME - SETTLEMENT-LOAD CURVE FOR TEST PILE NUMBER 3. 
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TEST PILE NUMBER 2 
0.10 EFFECTIVE LENGTH = 6.5 FEET 


iS POINT DEPTH = 8 FEET 
i AVERAGE DIAMETER © 7 INCHES 
= DATE CCNSTRUCTED - FEBRUARY 13, 1954 
= DATE TESTED - APRIL 5, 1954 
015 DURATION OF TEST - 43 MINUTES 
a 
=| 
= 
© 0.20 
0.25 
FIGURE 7 - LOAD-SETTLEMENT CURVE FOR "QUICK" TEST ON PILE NUMBER 2. 
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FIGURE 8 
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FIGURE 9 


on a ten-foot effective length pile is 
Baown in Figure 6. F orithis pile} the 
ultimate capacity by the Texas High- 
way Department load-test procedure, 
was considered to be ten tons. 

After the regular test was com- 
pleted, the pile was permitted to re- 
cover, usually for a 24-hour period, 
and quick test performed. Loads were 
applied in small increments and the 
test continued until the pile continued 
Pomeseittiec under a’ given load. ~ These 
tests usually failed at a load about 10 
meets per cent greater, than the load 
given by the regular test method. An 
example of such a test is shown in 
Pepure 7. 

The data for the seven-inch diam- 
eter tests was considered as very 
good, despite premature failures for 
one of the fourteen-foot piles and for 
the eighteen-foot pile. Load-settle- 
ment curves show a Significant in- 
crease in load-carrying capacity as 
Sree citective lengthiincreasess {See 
Figure 8.) Approximate ultimate load 
values of 1 fenimeeizhteen, Scand 
twenty tons were obtained for piles 
Bp etereivective, lengths of 65) 103113..4, 
poreeis jicet, respectively. ltys<im- 
portant to note that these were seven- 


Six, 


ich diameter piles 
the 
Some of the increase in pile capacity 
can be attributed to additional base 
resistance resulting from the greater 
strength with respect to depth, 
however, 


and the bearing 


area was Sarme for each) test. 


soil 
Osteo Cicespile Woapacity 
increase is considered to be a result 
of the additional skin friction. 

Also included with the tests on 
seven-inch diameter piles were three 
piles constructed under different con- 
ations. The first test.was.on a six- 
foot effective length pile with the load 
being carried by a combination of skin 
friction and bearing. The load capac- 
ity for this pile was about seven tons. 
The second test has been referred to 
as the greased pile. A seven-inch 


diameter hole was augered toa depth 


supporting ability. 


of eight tect, “fren a ten-1oot section 
of six-inch diameter Sonotube which 
had been thoroughly greased inside 
and outside was placed in the hole and 
filed Wit econoretc.. rhe  Creascd 
Sonotube eliminated almost if not all 
of the vskinwiriction,ethus giving a -pile 
depending on bearing alone for load 
This pile was test 
loaded at about one ton. Completing 
this special study/was a pile with a 
false bottom. This was constructed 
by bolting a plywood form to a piece 
of galvanized pipe. .The pipe was se- 
cured at the surface so that a clear- 
ance of about two existed 
between the bottom of the boring and 
the form. This pile could only support 
The test-load 
S1X 


inches 


load by skin friction. 
capacity was between five and 
tons. | The@results of this study “are 
shown in Figure 9. 

Pressure Devices One or the other 
important problems in this study was 
to develop a device for measuring 
bearing pressures during atest. At- 
tempts were made in the laboratory to 
perfect devices based on both hydro- 
static pressure and electrical resist- 
Only the latter was developed 
satisfactory 


ange. 
tOlNa, eCegree to permit 
field use. 

This pressure device consisted of 
two plates separated by a center ring 
with: “three one-quarter -inch-thick 
washers between each plate and the 
By spacing the washers 120° 
apart @and Voffsetting therm, 60° on 
opposite sides of the ring, three ten- 
Siogneaceass could bercreatedhvon each 
side of the ring. Three SR-4 gauges 
Were cemented to ethe tension .areas 
on one side of the ring and connected 
Three additional gauges to 
temperature gauges were 


LLL O% 


in series, 
serve as 
eermmented to4an unstressea piece of 
metalinthe center of the bottom plate. 
These were also connected in series 
and the four lead wires were brought 
out of the cell through a length of 
copper tubing attached to the center of 
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A COMPARISON OF SETTLEMENT AND BEARING LOAD TO i 
we yrempeWn wv une iL toysvs: j 


the top plate. The SR-4 gauges were 
waterproofed with an Ozite compound 
macminaen the cello, were filled with*a 
ponhardening Permatex, A relation— 
load and 


change was established by laboratory 


ship between resistance 
calibration. 

Six of these cells (four of six-inch 
diameter and two of twelve-inch diam - 
eter)were made and installed for field 
pects, — Inveachvinstance’ the cells gave 
Sonsistent “readings during the jload 
tests. One test pile was extracted after 
Sompletion -oiathe load. test. and the 
Pressure cell was removed from the 
pile and recalibrated. Essentially the 
same calibration curve was obtained. 
two of the 13.1-inch 


Crarmeter tests are included to illus-— 


Peta mi rom 


paate the wconsistency of these, datar 
fece Figure, ll.) “Both piles had effec- 


mverlcngthssot tenteet. Almost dupli— 
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number which can be accommodated is 30. 


GEOMETRIC DESIGN AND TRAFFIC CONTROL 
INGEN Room 2-D < 
oi 
Chairman: M.V. Greer, Supervising Traffic Engineer 
Texas Highway Department 
- Austin, Texas 


9:00 Traffic Accident Data in Highway Designand Operation 
W.R. Welty, Traffic Designing Engineer 
Texas Highway Department 
Austin, Texas | 


10-30= (Use of Lratfic-signs: 
P.R. Tutt, Traffic Designing Engineer 
Texas Highway Department 
Austin, Texas 


Afternoon: Room 3-A 


Chairman: W.J. Van London, Engineer-Manager 
Texas Highway Department 
Houston, Texas 


1:30 Expressway Design Standards 
Douglas A. Nettleton, Supervising Urbam Engineer 
Texas Highway Department 
Dallas “lexas | 


3:00 Design for Expressway Drainage 
Carl #. Izzard, Chief Hydraulics Research 
Bureau of Public Roads 
Washington, D.C. 


TRAFFIC ACCIDENT 
DATA IN HIGHWAY 
DESIGN 
AND 
OPERATION 


W.R. Welty, Traffic Designing Engineer 
Texas Highway Department 
Austin, Texas 


s you well know, the traffic 
accident problem is of major 
oncern. Practically every 
adio broadcast, almost every 
speech before a luncheonclub, 
every newspaper, and every other form of 
public information all proclaim the usual 
fact that yearly more persons are dying in 
traffic accidents.Without in any way wishing 
to minimize the seriousness of the accident 
problem, it should be pointed out that since 
1951 the number of persons who have been 
killed each year in traffic accidents has 
decreased a few hundred. 

It is believed that the "scare" technique 
of presenting accident data will not accor 
plish its desired purpose o reductio 
accidents because the motorists appear no 


to be impressed with stories Seals eas off 
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gory wrecks. 
Since the number of / persons ki ed'eq 
year in traffic accideni 
shown an upward ti d except the 
since 1951, it ee ' first glance 
that all the traffic Se 
come to naught. Actually, it 
expected that as more m leq 


there is a greater ‘likeli 00¢ 
accidents and, therefore, fatalitie 
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crease. In this connection, it is heartening 
to note that the mileage death rate per 100 
million: vehicle miles driven has dropped 
steadily from 16.6 in 1935 to 6.4 in 1953. 
It may be inferred from these facts that the 
three E's of traffic safety (i.e., Engineering, 
Enforcement, and Education) have played a 
major role in this reduction. 

Traffic accident records are the most 
important source of the data which is used 
to interpret accident causation inits relation 
to various traffic safety activities. These 
records are kept by official agencies such as 
city police departments, sheriffs! depart- 
ments, and state agencies such as the Texas 
Department of Public Safety. The reports 
are confidential and information thereon may 
be used only for traffic safety purposes by 
officials directly responsible for furthering 
such programs. In nocase may the accident 
data be admitted as evidence in either crim- 
inal or civil litigation. 

The Uniform Act Regulating Traffic on 
Highways, which has been adopted by the 
State of Texas, requires every driver of a 
motor vehicle involved inan accident which 
results in injury or death of any person or 
total property damage to an app 
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such accident to the Department of Public 
Safety in Austin, Texas. 

The Department of Public Safety processes 
the accident reports and then proceeds to 
analyze the data by means of punch cards so 
as to develop state-wide nonlocation statis- 
tics which are of interest to persons engaged 
in enforcement, education, and, toa lesser 
extent, engineering phases of traffic safety. 

The engineer is primarily interested in 
traffic accidents from the standpoint of acci- 
dent prevention through design of facilities. 
Accident data can furnish information which 
can be used to improve the accident record 
of existing highways through redesign; more 
effective use of signs, signals, markings, 
and islands; or use of accidents in planning 
and showing the need for improvement of the 
more deficient sections of highway. By 
pointing up the deficiencies in an existing 
facility, public support for anaction program 
to secure right of way and additional sources 
of revenue for constructional and mainte- 
nance purposes can often be secured. 

The biggest stumbling block in the use of 
accident data ona state-wide basis has been 
a lack of ameans for establishing a correla- 
tion between the accident and the design 
features. Toprovide thiscorrelation, accu- 
rate location data are required. Unfortu- 
nately, many of our accidents occur where 
definitive landmarks are lacking. For this 
reason, if for no other, the milepost mileage 
should be placed on the route marker posts 
as outlined in the Texas Manual on Traffic 
Control Devices. 

The highway patrolmenare naturally more 
careful to reference the accident with respect 
to landmarks which are easily identified on 
maps and road logs than are motorists who, 
more than likely, have no idea that pinpoint- 
ing the accident location is of such impor- 
tance. Such features as the intersection of 
state designated and marked routes, county 
lines, railroad grade crossings or separations, 
and bridges over named watercourses which 
are shown on highway mapsand road logs are 
desirable features from which an accident 
can be referenced. City limit lines are a 
very poor substitute for landmarks of a char- 
acter such as are listedabove in view of the 


fact that city limit linesare subject to change 
at any time and we are unable to keep our 
maps and road logs current in this respect. 

Graphic methods of presentation of acci- 
dent data are quite useful to the engineer. 
A spot map shows at a glance locations or 
sections of highway having high accident 
frequency. The "spots" may by color or 
design classify the accidents by their sever- 
ity, and/or they may be further subdivided 
as to whether the accidents occurred at night 
or during the day, whether the accidents 
involved motor vehicles alone or pedestrians. 
In general, however, we believe that too 
much detail for spot map information may 
defeat the purpose of the spot map. The 
spot map, in our opinion, should be used as 
an index oran over-all view of the accidents 
in a given area and call attention to areas 
needing further special study. 

After the spot map has been made, the 
accidents from those locations or sections of 
highway exhibiting apparent accident prone- 
ness should be studied and mileage rates 
computed. The mileage rate computation 
will allow comparison of the accident rate 
at that locationwith county, state, national, 
or other areal subdivision to see if the acci- 
dent proneness is apparent or real. 

More detailed accident studies usually in- 
volve the preparation of a collision diagram 
which shows diagrammatically the various 
factors involved in the various accidents de- 
picted. Inadditiontothe collision diagram, 
a more or less detailed plan of the accident 
area which showsall traffic-control devices, 
traffic regulations, and natural and 
man-made features such as sight distances, 
access points, grades, turning radii, pave- 
ment surfaces, etc. should be prepared. This 
plan iscalledacondition diagram. After the 
condition and collision diagrams have been 
prepared, the engineer should take them with 
him to the scene of the accidents. If, for 
example, right-angle accidents appear to 
predominate at an intersection from two 
particular directions, reference to the con- 
dition diagramand at-the-scene study of the 
problem may reveal that there is a sight 
restriction between the two directions in- 
volved. Accidents which occur about the 
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same time of day during periods of daylight 
might be found in the on-the-site study to 
be influenced by confusing shadows which 
occur during that time. In our experience, 
we have found a location where an oil der- 
rick made a shadow at certain times of the 
day that apparently causedsome motorists to 
run into the end of a bridge. Quite often 
inexplicable night accidents at traffic signal 
controlled intersections become understand- 
able when it is found duringa night observa- 
tion thata red or green neonadvertising sign 
is interfering with the signal indications. 

Where head-on and sideswipe opposite 
direction accidents predominate on a 
two-lane, two-direction roadway, studies 
should be made to determine whether or not 
a divided highway could be justified at the 
location. 

Accident data may be extracted by the 
"strong-arm" method (i.e., looking through 
the files) when the accident records are filed 
by, say counties. The strong-arm method 
is so time consuming, tedious, and expensive 
that its application must be limited toa very 
few locations per study, thereby making the 
information yielded too sketchy for any com- 
parative analyses. For these and other 
reasons, mechanical sorting of coded cards 
seems to be the only practical methodat the 
present time that will furnish information on 
a state-wide or other large areal basis. In 
cities, the accident records may be filed by 
location so that if information is needed at 
a specific location, only those accidents 
which have occurred at that location need 
be studied. Location files are impractical 
on a state-wide basis. 

The Highway Department has recently 
instituted a system for coding data obtained 
from accident recordson punch cards. These 
data are coded to locate the accidents on the 
highway by their distance, to the nearest 
one-tenth mile, measured from the north or 
west county line or froman intersection where 
the road begins. The data are also coded to 
give all necessary information about the 
accidents that mightbe used for engineering 
purposes, including the preparation of colli- 
sion diagrams. Mechanical sorting will sep- 
arate the cards by control and section and 
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will arrange the data so that the accidents 
are placed in their proper mileage sequence 
down a particular highway. After the cards 
have been placed in the proper mileage 
sequence, they may be mechanically tabu- 
lated. From this mechanical tabulation, 
those highway locations having design or 
maintenance deficiencies become readily 
apparent. 

Deficiencies in the roadway are contribu- 
tory to accidents; although, the extent to 
which the roadway's deficiencies contribute 
to accident causation is a moot question. 
Some authorities place road defects as low 
as 2 per centand some ashigh as 20 per cent. 
All of these figuresare too low in our estima- 
tion because they only considera road defect 
to be something of the nature of a hole in the 
roadway, but it appears logical that 
deficiencies in design are determining factors 
in highway accidents since the accident rate 
on a road having a high type of design like 
the Gulf Freeway (i.e., within the city 
limits of Houston) has a fatality rate of 1.6 
fatalities per 100 million vehicle miles 
whereas the average death rate on Texas 
highways in 1953 ran 6.4. Incidentally, 
this 6.4 is the lowest rate recorded state-wide 
in Texas' history. 

Accident records have been used in 
California to show that narrow medians are 
more dangerouson heavily traveled highways 
having more or less unlimited access from 
roadside development than are undivided 
highways inthe same category. In Connecti- 
cut the Highway Department uses accident 
data for scheduling maintenance programs. 
For example, sections of roadway which have. 
an unusually large number of skidding acci- 
dents receive anew high coefficient of fric- 
tion surface treatment. Asection of roadway 
may be found tohave more than the average 
number of accidents in which the type and 
state of maintenance of the shoulder isa 
factor. Obviously, shoulder design and 
maintenance betterments are indicated. __ 

This subject is so vastand its possibilities 
are so numerous with many of them either 
unknown or at least unappreciated that you 
can readily appreciate that | have only most 
sketchily outlined the subject. r. 


a 


‘devices.a must. 


THE USE OF TRAFFIC SIGNS 


P.R. Tutt, Traffic Designing Enginee 
Texas Highway Department 
Austin, Texas 


The functions of signs are to 
control, warn, and guidetraffic. They 
are essential in making our highways 
operate in a safe efficient manner, 
The major classifications of signs are 
as follows: 

1, Regulatory Signs, which give 
the highway user notice of traffic 
regulations that apply at any given 
place. Examplesare - STOP, PARK- 
ING LIMIT SIGNS, DO NOT ENTER. 

2. Warning Signs, which call 
attention to conditions in or adjacent to 
a highway or Street that are potentially 
hazardous to traffic operations. Ex- 
amples are - CURVE WARNING, STOP 
AHEAD, CROSSROAD. 

3. Guide Signs, which show route 
designations, destinations, directions, 
distances, information,. points © of 
interest, and other geographical or 
culturalinformation. Examplesare - 
ROUTE MARKERS, DESTINATION 
SIGNS. 

Inrecent years the standardization 
of signs with respect to design, use, 
and placement has become increas- 
ingly important. Interstate and 
intercity travelare nowcommon, thus 
creating a need for universal under- 
standing of traffic regulations. This 
makes uniformity of traffic control 
This is especially 
true. in view of our many miles of 
modern multilane, high-volume, 
high-speed highways where access is 
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partially or fully controlled. A driver 
on one of these facilities usually has 
only a few seconds to observe a sign 
and must interpret its meaning im- 
mediately if he is to proceed safely 
and arrive at his destination without 
traveling in a circuitous route. A 
wrong turn or missing a turn ona 
controlled access facility might take 
a driver several miles out of his way. 

Thus if different signs are used for 
a particular purpose indifferent cities 
or states, drivers will become con- 
fusedandthe result will be congestion 
and accidents. 

The sign is the most common and 
most widely used of the traffic-control 
devices. Itiscommonly thought of as 
inexpensive, but due to the large 
number used, the bill runs rather high. 
Mies abou PLG000. sions. swere 
erected by the Department. About 
$1, 799,000 is spent every year on 
signingand sign maintenance. These 
figures include only the activities of 
the State. Manyadditional dollars are 
spent bycities. A simple crossing of 
two U.S. or State-numbered highways 
with only one highway on each road 
requires a minimum of 28 signs. Any 
sort of a special condition would 
probably increase this number anda 
channelized intersection will add 
many signs, depending on the type of 
channelization. 

Onthe other hand, a single sign is 
suchaninexpensive thing in compari- 
son with other items of highway 
construction that in some cases we 
becometoofree in their use. This is 
expensive as wellas detrimental from 
the standpoint of effective traffic 
control since too many signs can be 
as confusing to the traveling public as 
tOOgs few signs.» The ‘overuse: of 
regulatory and warning signs is 
particularly bad because it causes 
drivers to be unimpressed with their 
importance and to often disregard not 
only the unneeded Signs, but the needed 
ones as well. The overuse of guide 
signs is not objectionable from this 
standpoint, butitis wasteful and a few 
well-chosen Signs will accomplish the 
desired result with less confusion to 
the public. 

The new Sign Manual, which Iam 
SuUreaatim Ol you are more -or-less 
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familiar with, was designed to bring 
Texas aS near as possible into con- 
formance with the other 47 states in 
traffic control. It was patterned after 
the National Manual, andin most cases 
conforms to the national practices 
(which were developed through co- 
operationof all the states) and should 
represent the most efficient signing 
practices possible. There were a few 
instances where our previous prac- 
tices were retained for one reason or 
another, butin all important respects 
the national practices were followed. 

The manual shows typical signing 
plans for the more common types of 
interchanges Such as crossings and Y 
and T type connections. Several 
examples of signing for more com- 
plicated interchanges are also shown, 
but modern highway design has 
produced sucha variety of intersection 
types that it would be impossible to 
show examples which cover all situa- 
tions that might come _ up. The 
general pattern is set, but there will 
be many cases where considerable 
ingenuity on the part of the man 
working out a specific signing plan 
will be required. 

In signing unusually complicated 
interchanges such as the one of U.S. 
81 with U.S. 190 and/S? Hiss (inthe 
south edge of Belton, .the ‘most 
important thing to remember is that 
the Signing comes in steps as does the 
channelization. Youcantake the route 
of a particular highway through the 
interchange and draw it as a straight 
line. The various turns willthencome 
off’ just” as turns off anyrgstrarent 
highway and will be signed in the same 
manner asturns from a straight road. 
For instance, taking the route of U.S. 
190 eastbound through this inter- 
change, we. first come to the’ point 
where U.58. 81 to the south is turned 
offtothe right. The next turn is S. H: 
317 tothe left. This is alsossigned as 
U.S. 190 Business Route. The next 
turn is for U.S. 190 westbound which 
turns off to the left. With’ the "road 
drawn Straight it is a simple matter 
to locate the required signs, © This 
process repeated for each highway 
through the interchange will complete 
the basic signing plan. 

In an intersection Such as this, 


where the traffic movements in 
opposite directions on a route are not 
always parallel to each other, Cardinal 
Directional Markers are very 
important, Thesearethe small signs 
used in conjunction with route markers 
which indicate the general direction of 
the particular route, such as north- 
bound or westbound. 

Advance route markers are used 
here as they would be at any inter- 
section, but due tothe proximity of the 
turns and the various aspects of the 
interchange which tend to distract the 
acivers,i their effectiveness.may be 
somewhat reduced. It may also not 
always be possible to place the advance 
marker as far in advance of the actual 
iurn aS is required by the speed of 
traffic because it might be confused 
with signsforsomeother turn. All of 
this tends to cause the drivers to place 
more reliance onthe Signs at the turn. 
For this reason oversize destination 
Signs were used at this particular 
location. I believe the letters in this 
fase. were ~increéased {rom \seven 
inches totwelve inches in height. The 
exact position of the signs should also 
be studied carefully so that they will 
be visible for the greatest distance in 
advance of the turn. 

Another possibility in signing 
complicated interchanges is the use of 
an advance informational sign which 
shows an approximate diagram of the 
interchange as it applies to the driver 
ona particular approach. Here is an 
example of how this can be applied to 
atraffic circle. Adriver approaching 
this circle and wishing to leave on U.S. 
87 seesthis sign. From it he can tell 
that he must travel a little more than 
half of the way around the circle before 
coming to his exit point. Knowing this 
he will drive with more confidence and 
will be able to get into the outer lane 
at the proper time to make his turn, 

The use. ol, this iype. of .sien- 1s 
optional, and due to its tremendous 
size Should be limited totrouble spots. 
The ever-increasing use. of com- 
plicated interchanges is bound to 
produce a need for more of this type 
of signing, however. 

The signing of expressways and 
freeways often presents problems not 
encountered in ordinary highway 


signing. The extremely heavy traffic 
volumes encountered on expressways 
often make it difficult and distance 
consuming to change lanes. For this 
reason expressway drivers must be 
notified of exit points a considerable 
distance in advance of those points so 
that they can get into the proper lane 
to get off the expressway if they so 
desire. The placing of these advance 
notice signs is especially important 
because they must be seen by traffic 
inall of the two, three, or four lanes 
which make up one direction of flow 
onanexpressway. This may indicate 
the need for an overhead Sign or at 
leasta sign placed high enough that it 
can be seen over the tops of other 
vehicles. Signs of this type may also 
require illumination because they are 
far enough out of the direct path of 
traffic that reflective sheeting may not 
be effective. Overhead signs, mounted 
on. supports.on either side of the 
roadway and suspended directly over 
the roadwayare particularly effective 
for this sort of thing because they are 
located directly in front of the driver. 
He can hardly avoid seeing them no 
matter how busy he is watching traffic. 

Disinicil2nas severalsol these 
overhead signs at important inter- 
changes on the Gulf Freeway. 

Thereisalsoanother, if somewhat 
indirectrole, which signs can play in 
the building ofa more efficient highway 
system. The working out of the signing 
plan in conjunction with the design of 
an intersection can be very helpful in 
achieving a more efficient design. 

The usual procedure seems to be 
to complete the construction of an 
intersection before signing is con- 
sidered. A layout is then turned over 
tothe man in charge of signing and he 
is instructed to properly place the 
signs. Inworking out the signing it is 
almost probable that several points 
willcome up where Slight or possibly 
major changes in the design would 
improve not only the signing, but the 
general operation of the intersection. 
The location of curbs and curb returns 
can often be varied with little or no 
effect on the design, and their exact 
location may make - considerable 
difference in the effectiveness of the 
signs. 
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Working out the paths which the 
signs will direct traffic to follow 
through the interchange may also 
bring out points which had not been 
considered before and which might 
improve the designconsiderably. The 
only trouble with this is that the 
intersection is usually completed by 
the time this is discovered and the 
engineer in charge will undoubtedly 
be reluctant to make changes - changes 
which could have been made with no 
difficulty had they been suggested 
before the intersection was con- 
structed. The point I'm trying to make 
here is that if the signing experts and 
the intersection designers could work 
more closely on these intersections, 
we would probably wind up with not 
only better signing but better designs 
also. 

This is also true of pavement 
markings, which may bea little off the 
Subject, but itis important enough that 
Ibelieve it is worth mentioning, ‘The 
mostfrequent difficulty which placing 
pavement markings on a design is apt 
to show up is an offset in the lanes 
through a transition from a curbed 
section to a noncurbed section. The 
pavement in the curbed Section is 
usually slightly wider than that in the 
sectionswhichris*noticurbed, 1 8iSsis 
to make allowance for the fact that 
drivers will not drive as close toa 
curb as they will to a shoulder. 

In laying out the intersection, the 
designer often merely lines up the 
pavement edge on one side or the 
other. When the lanes: are marked 
through suchatransition, we find that 
the lane lines on either side of the 
transition do not line up, making it 
necessary to uSe a reverse curve or 
sometimes a section of tangent to 
connect the two lane lines. This is 
certainly undesirable, to say the 
least. If the lane lines had been 
placed on the drawing before the 
intersection was constructed, this 
condition would have been discovered 
and remedied at no cost and very 
little inconvenience. 

It may be that some of the districts 
already work out both signing and 
marking plans for intersections before 
they are constructed, but some 
apparently don't because I have seen 
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several plans recently where the offset 
which I mentioned existed. A condition 
suchas this is virtually impossible to 
correct once it has occurred because 
so much pavement is involved and it 
is difficult to add a narrow strip in 
such a manner that it will be used by 
traffic. 

Another important use of signs is 
as an accident-prevention measure. 
In one sense all regulatory and warning 
signs ‘are intended to © prevent 
accidents, but many are erected as 
standard signing procedure and not 
specifically for the prevention of 
accidents. Anaccident-prone location 
is usually causedbya design deficien- 
cy rather than a sipninge deficiency, 
but it is often more expedient and 
usually cheaper to correct the situa— 
tion with signs, if this is possible. 
Signs may be a poor substitute for 
design changes, but they can be erected 
quicklyandare often very effective in 
preventing accidents. These signs may 
take several forms. One possibility 
would be anunusually sharp or deceiv- 
ing curve where a large turn arrow 
might ‘be used to° supplement) “the 
standard markings. Another might 
beanauxiliaryor oversize STOP sign 
where drivers have not been observing 
the standard signs. 

Signs as accident prevention 
measures will often be temporary, to 
be used until. design changes can be 
made, but they are very important in 
this role. Their use should be based 
on a study of accident records and of 
the physical conditions at a trouble 
spot. If these studies indicate that 
additional signs or changes in the 
existing. Signs might prevent’ the 
accidents, the most likely procedure 
to follow would be to try this first. 
If the signs are not effective, more 
drastic steps such as changes in the 
design should be taken. 

The importance of the role which 
Signs play in the operation of our 
highways cannot be overemphasized, 
and the necessity for having well- 
designed, clearly understandable 
Signs is increasingly evident. The 
key tothis is uniformity; uniformity in 
the design of the signs; uniformity in 
the location of signs, and uniformity 
in the application and use of signs. 
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| Douglas A. Nettleton 
Supervising Urban Engineer 
Texas Highway Department 
Dallas, Texas 


TRAFFIC ANALYSIS: Before any highway 
can be intelligently designed, the amount 
and distribution of traffic it is expected to 
carry should be determined. In the case of 
an expressway in a large urban area, this 
determination is a complex problem. The 
first step isan Originand Destination survey, 
but that is just the beginning. Less suscep- 
tible to exact analysis is the assignment of 
traffic to the expressways, and the prediction 
of the future increase in traffic. A number 
of methods of assignment have been used, but 
probably the simplest and best is on the basis 
of the ratio of time via the expressway to 
time via the best alternate route. Studies (1) 
made ona number of operating expressways 
have resulted in an S-shaped curve which 
shows that 90 per cent of total trips will use 
the expressway fora time ratio of 0.6, 48 per 
cent for a time ratio of 1, and 10 per cent 
for a time ratio of 1.33. In order to get the 
time for each trip, distances may be scaled 
from a map and speeds assumed, or actual 
time runs may be made for the existing routes. 
A metropolitan area is generally divided into 
several hundred zonesin the O. & D. survey 
and the resulting number of combinations of 
trips between zones may be in the hundreds 
of thousands. Each of these combinations 
must be analyzed for possible assignment of 
traffic to an expressway . 

In Dallas, an O. & D. survey was made 
by the Planning Survey of the Highway De- 
partment, and the City Traffic Department 
made an allocation of this traffic. The City 
Traffic Department projected this allocation 
to 1980 by analyzing the rate of population 
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growth, increasing car ownership and in- 
creasing car usage. They came up witha 
figure of 2.05 for the average ratio of traffic 
in Dallasin 1980 to that in 1950. It is inter- 
esting to note the relationship between traffic 
originating in or destined for the central busi- 
ness district as compared to the total traffic. 
On the average, only 27.5 per cent of the 
expressway traffic has its origin or destination 
in the central business district. The remain- 
ing traffic, which is 72.5 per cent of the 
total, must transfer from one radiating 
expressway to another in order to reach its 
destination. In large cities, where there 
are a number of radiating expressways, an 
expressway loop around the central business 
district is a necessity to effect this transfer 
without using overcrowded city streets. 

For design purposes, the 24-hour traffic, 
as determined by allocation of the O. & D. 
study, must be reduced to peak-hour flow in 
one direction. The thirtieth highest hour of 
the year is generally used for design purposes. 
Urban highways have lower peak-hour per- 
centages than rural highways. The national 
average percentage of annual average daily 
traffic for the thirtieth highest hour of the 
year is 16.2 on rural multilane roads and 
11.6 on urban roads. (2) These percentages 
are for the total traffic in the two directions 
and must be broken down into one-direction 
traffic for multilane roads. This breakdown 
is, onthe average, about 2/3 and 1/3. Thus 
urban expressways, on the average, should 
be designed for anhourly traffic inone direc- 
tion equal to 2/3 of 12 per cent, or 8 per 
cent of the two-way 24-hour traffic. Astudy 
of the actual traffic counts on Central 
Expressway shows this percentage to be 8.2. 

CAPACITIES: Lane capacities on urban 
freewaysare generally taken, for design pur- 
poses, as 1,500 passenger vehicles per hour 
on 12-foot lanes. (3) This volume of traffic 
tends to move at an average speed of only 
about 36 miles per hour. (4) If for any reason 
the traffic speed is reduced, the same volume 
canbe carriedat a speed as low as seventeen 
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miles perhour. It is possible to carry as many 
as 2,000 passenger vehicles per hour per lane, 
but the speed is then at a critical point of 
about 32 miles per hour. Traffic can move 
very little faster or slower than this speed 
and still remain at such a large volume. If 
the traffic is slowed for any reason, the high- 
way capacity is less than the demand and a 
traffic jam results. It is not, therefore, 
advisable to design for this high possible 
volume. The presence of trucks will reduce 
the design capacity as much as 25 per cent 
for a ratio of 20 per cent trucks and rolling 
terrain. (5) Where merging of traffic is taking 
place, the design capacity of a lane is 
reduced to 1, 200 passenger vehicles per hour 
if itis desired to keep the speed at about 35 
milesperhour. Atlower speeds, it is possi- 
ble to merge 1,500 passenger vehicles per 
hour. (6) 

Arecent traffic count on Central Express- 
way during the morning rush hour from 7:30 
to 8:30 showed 5,318 vehicles in three lanes, 
which is an average of 1,773 vehicles per 
lane. Over a twenty-minute period, the 
average per lane was at the rate of 1,936 
vehicles perhour. The men making the count 
estimated that the traffic was moving at an 
average speed of 40 miles per hour. This 
would indicate that the cars were spaced 
closer than is generally considered safe for 
thisspeed. It is interesting to note that the 
maximum traffic on Central Expressway 
occurs about two miles out from the edge of 
the central business district and is about 10 
per cent higher than that at the permanent 
traffic counter which was placed closer in, 
at a point where it was thought that traffic 
would be a maximum. 

DESIGN SPEED: Since a considerable 
percentage of the usage of an urban express- 
way isunder high-volume conditions of 1,000 
to 1,500 vehicles per lane per hour, for which 
the average running speed is between 35 and 
40 miles perhour, adesignspeed of 50 miles 
per hour is ample. Even during periods of 
low volume, whenhigher speeds are possible, 
the average length of trip is so short that the 
saving in time for a 60-mile-per-hour speed 
as compared to a 50-mile-per-hour speed is 
negligible — just one minute for a five-mile 
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trip. It is not necessary to base all phases 
of the design of an expressway upon the full 
design speed. Features of the design which 
are critical only under heavy volumes of traf- 
fic should be based upon the average running 
speed under this heavy volume. Length 
required for weaving and merging of traffic 
fall inthiscategory. Thenew A.A.S.H.O. 
Policy Books use a 40-mile-per-hour average 
running speed when the design speed is 50 
m.p.h. | 

WEAVING LENGTH: Weaving move- 
ments should be avoided wherever practi- 
cable. The term weaving, as used here, re- 
fers to the crossing of two streams of traffic 
ina relatively short distance by first merging 
and then diverging. Weaving occurs most 
frequently on urban expressways in connec- 
tionwith interchange movements. For exam- 
ple, atacloverleaf interchange the on- and 
off-bound traffic must cross in the distance 
between the inner loops. Similarly, 
diamond-type interchanges which are close 
together should be investigated for weaving 
movements between the on- and off-bound 
traffic of consecutive interchanges. The 
"Highway Capacity Manual" has a chart 
giving the required length of weaving section 
for various numbers of weaving vehicles at 
different operating speeds. The number of 
weaving vehicles, in this chart, is the sum 
of the two conflicting flows. If the sum of 
on- and off-bound movements in the same 
directionat the same time is 1,000 vehicles 
per hour, the weaving distance required by 
this chart is 500 feet for a 40-mile-per-hour 
operating speed. Weaving sections are con- 
sidered practical only where the total number 
of vehicles required to weave doe$ not exceéd 
1,500 vehicles per hour. Thus, two heavily 
loaded expressway lanes should not be re- 
quired toweave with each other.Weaving can 
generally be eliminated by the use of one or 
more grade separation structures. Even a> 
very small volume of traffic, entering the 
expressway from one side, should not be 
allowed to weave across the expressway in 
a short distance to an exit on the other side. 

MERGING LENGTHS: Merging occurs 
wherever there isan entrance to the freeway. 
Lengths of acceleration lanes, as given in 


the new A.A.S.H.O. Policy Tables, are 
based entirely upon the distance required for 
acceleration, and are simply a function of 
the design speeds of the approach roadway 
and the freeway. For a 50 m.p.h. design 
speed, these lengths vary from 250 to 700 
feet, depending upon the approach speed. 
Where the entering vehicle moves from a 
parallel frontage street into the freeway, 
these two design speeds might be taken as 
30 and 50 miles per hour respectively, and 
the table would show 500 feet as the required 
length. In calculating this distance, no 
allowance is made for the fact that the enter- 
ing driver may very likely encounter a string 
of cars on the freeway traveling too close 
together toallowhimtosafely enter between 
them. 

PROPOSED THEORY FOR LENGTHS OF 
ENTRANCE LANES: The following is a pro- 
posed theory for lengths of entrance lanes, 
which takes this condition into account. 
Observations made with motion picture 
cameras indicate that entering drivers require 
a gap of between one and three-fourths and 
three seconds in length to mergewith vehicles 
moving at approximately the same speed. (7) 

The spacing of gaps of any desired length 
can be determined by the laws of probability, 
but we must assume some acceptable degree 
of probability. The figures worked out in 
this paper are based upon 98 per cent of the 
entering drivers finding gap conditions at 
least as favorable as that upon which the 
design is based. The remaining 2 per cent 
of entering drivers would be forced to delay 
at a very low speed or stop completely. 

It can be shown that on the basis of this 
98 per cent probability anda volume of traf- 
fic on the outer lane of the freeway ahead 
of the entrance equal to 1,000 vehicles per 
hour, the entering driver may have to allow 
four unacceptable gaps to pass before an 
acceptable gap of two seconds appears. (8) 
It can also be shown, by the laws of proba- 
bility, that the average length of these 
unacceptable gaps is 0.9 seconds. (9) 

If the average running speed on the free- 
way is 40 miles per hour and if the entering 
driver accelerates, at a uniform rate, from 
20 to 35 m.p.h., the two-second gap will 


overtake him in 12.65 seconds and he will 
have traveled 510 feet.(10) He may then 
beginhis lateral movement onto the freeway 
lane. Observations have indicated that a 
distance of about 200 feet is required for this 
lateral movement when movingat this speed. 
If he acceleratesat the normal rate of accel- 
eration during this lateral movement, he will 
be moving at 39 m.p.h., and will still be a 
safe distance of 82 feet ahead of the car 
behind him at the end of the lateral move- 
ment. Thus the total length of acceleration 
lane is 510 plus 200, or 710 feet — inround 
numbers, 700 feet. A length of 500 feet 
would be sufficient to permit 86 per cent of 
the approaching vehicles to enter without 
stopping or slowing toa very low speed. The 
length of lane should be measured from the 
point where the entering driver can look back 
and see the approaching suitable gap, which 
would be 330 feet behind him for the 700-foot 
length just worked out. 

Although a starting speed of 20 m.p.h. 
has beenassumed, there is no reason why the 
entering driver could not be running at from 
30 to 40 m.p.h. at the point where he can 
first look back on the freeway. In that case, 
however, he would have to first slow down 
and then speed up in order to allow the 
acceptable gap to overtake him. He could 
also start at a speed of 15 m.p.h., but in 
that case, would have to accelerate over 
part of the distance at a rate faster than 
normal . 

Many of the entering lanes on urban free- 
ways in Texas, including the early sections 
of Central Expressway, are too short, and 
have been the subject of some adverse com- 
ment. Many times on these short ramps the 
entering vehicles are forced to stop, and 
rear-end collisions frequently result because 
the driver behind may be looking back for a 
suitable gap in the freeway traffic. Or, 
accidents may be caused by impatient drivers 
trying to enter gaps which are too short, 
causing the freeway -vehicle to brake sud- 
denly or swerve into the adjacent lane. Of 
course, if the volume of entering traffic is 
very small, there is no particular objection 
to a short entrance lane which causes the 
majority of entering vehicles to stop and 
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wait for a gap that can be entered froma 
standing position. This length of gap has 
been observed to be about six seconds. How- 
ever, it isbetter toeliminate those entrances 
whichwill carry only small volumes of traffic. 

EXIT LANES: Exit lanes can be much 


shorter than entrance lanes. As far as the 


should be at least the 700 feet worked out 
for an entrance lane. 

HORIZONTAL ALIGNMENT: Standards 
for horizontal alignment, as givenin the new 
A.A.S.H.O. Policy Books, show the follow- 
ing maximum rates of curvature for a design 


speed of 50 m.p.h.: 


6.9° where the maximum superelevation is limited to 0.06 of a foot per foot 
7.6° where the maximum superelevation is limited to 0.08 of a foot per foot 
8.8° where the maximum superelevation is limited to 0.10 of a foot per foot 


freeway is concerned, it is simply a matter 
of providing deceleration distance. Where 
the exit lane joins a one-way frontage street 
just ahead of an intersection, it may be desir- 
able to add an extra lane on the frontage 
street up to the intersection, to provide stor- 
age and to avoid conflict with the through 
traffic on the frontage street. The distance 
givenin the Policy Table for a deceleration 
lane between roadways having 50-mile and 
30-mile-per-hour design speeds is 250 feet. 
This increases to 400 feet in going froma 
50-mile-per-hour design speed to a required 
stop. These lengths include the necessary 
taper of 200 feet for the lateral movement 
out of the through lane. 

CAPACITIES OF ENTRANCEAND EXITS: 
One-lane entrances should not be counted 
upon to take care of more than about 900 
vehicles per hour. If itis desired to provide 
for appreciably more vehicles than this, a 
two-lane entrance should be used and a free- 
way lane added from that point on to where 
the traffic has been reduced sufficiently to 
drop a lane. A parallel line of reasoning 
applies to exits which must provide for more 
than 900 vehicles per hour. 

JUNCTION OF ROADWAY: Sometimes 
two one-way roadways of two lanes each join 
andare tapered down to three lanes. If the 
roadways are of a similar nature and have 
equal design speeds, all of the traffic will 
be running at about the same speed. This 
problem is difficult to solve on the basis of 
finding acceptable gaps since the merging 
must be accomplished by complementary 
changing of speeds by the conflicting vehi- 
cles. The merging length for this condition 
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These are based upon utilizing a side slip 
friction coefficient of 0.14. It is recom- 
mended that the maximum superelevation on 
urban structures be limited to 0.06 of a foot 
per foot because-of rapid freezing and thaw- 
ing due todirect exposure to air temperature 
beneath the deck and building shadows on 
the pavement. Infact, for reasons of appear- 
ance, the maximum superelevation on all 
urban roadways should be limited to 6 per 
cent. For a design speed of 50 m.p.h., 
superelevation isrequired for curves of more 
than 0 degrees 30 minutes. The amount of 
superelevation for curves intermediate be- 
tween the maximumand the minimum is deter- 
mined by a parabolic curve with its vertex 
at the point of maximum curvature and maxi- 
mum superelevation. The minimum degree of 
curve requiring the use of a spiral, at 50 
m.p.h., is 1 degree 45 minutes. The length 
of spiral is a function of degree of curve, 
maximum superelevation, design speed, and 
width of roadway. The new A.A.S.H.O. 
Policy Manual recommends that four-lane 
roadways have 1.5 times the length for two- 
lane roadways and that six-lane roadways 
have twice the length for two-lane roadways. 
This is to limit the rate of change of grade 
at the outer edges of the roadway. A 290-foot 
length of spiral is required for a six-lane 
expressway ona 6.9 degree curve with 6 per 
cent superelevation. Where the median is 
sufficiently wide, each roadway may be 
superelevated independently by rotating 
about itscenter line and the length of spiral 
is then reduced to 150 feet. 

VERTICAL CONTROLS: Gradesonurban 


freeways should be limited to a maximum of 


4 per cent and the minimum grade for curbed 
sections should be 0.5 per cent for proper 
drainage. The relationship between length 
of grade and per cent of grade should be 
such that the speed reduction of heavy trucks 
will be not more than 15 m.p.h. below the 
average running speed. Where the design 
speed is 50 m.p.h. and the average running 
speed is 40 m.p.h., these limiting lengths 
are: 1,070 feet for a 4 per cent grade and 
1,570 feet for a 3 per cent grade. 

Lengths of crest vertical curves are based 
upon a sight distance to an object 4 inches 
high equal to the stopping distance. Fora 
50-mile-per-hour design speed, the stopping 
distance is 350 feet, including perception 
and reaction time, and the rounded value 
for length of vertical curve is equal to 80 
times the algebraic difference in grades, 
measured in per cent with a minimum value 
of 150 feet. This gives 640 feet for length 
of vertical curve at the crest of two 4 per 
cent grades. This is the minimum, and 
longer vertical curves are desirable where 
feasible. 

Lengths of sag vertical curves may be 
based upon a headlight sight distance equal 
to the stopping distance. Headlight sight 
distance is measured to the point where the 
direct beam of the headlight strikes the pave- 
ment. Assuming 2.5 feet for height of head- 
lightanda 1 degree upward divergence, the 
rounded length of vertical curve for a 50 
m.p.h. design speed is equal to 70 times the 
algebraic difference in gradewitha minimum 
value of 150 feet. Where the highway is 
well lighted, the length of vertical curves 
in sags need not be based upon headlight 
sight distance, and the length should be based 
uponriding comfort. Assuming that centrip- 
etal acceleration should not exceed one foot 
per second per second, the length of curve 
should be equal to 54 times the algebraic 
difference in grade for a design speed of 50 
m.p.h. Thus two 4 per cent grades would 
require a sag vertical curve length of 432 
feet. Thisisthe A.A.S.H.O. recommenda- 
tion, but they state that more study should 
be given to this matter of riding comfort on 
sag vertical curves. 


CROSS-SECTIONAL FEATURES: Express- 


way lane widths should be not less than 
twelve feet and the cross slope on through 
traffic lanes should be in the range of one- 
eighth to one-fourth of aninch per foot. The 
steeper slope is used in the lane adjacent to 
the water-carrying gutter. Aminimumwidth 
of median of fifteen feet is desirable, but 
high cost of right of way may result in the 
use of median widths down to a minimum of 
four feet. A twelve-foot width will permit 
the use of a center pier at underpasses. It 
isa moot question as to whether median curbs 
should be mountable or nonmountable. The 
need for a positive barrier is greatest in the 
case of a narrow median, but the two-foot 
offset required for barrier curbs results in 
taking four feet off the median width. If 
mountable curbs are used and a barrier fence 
or wall is placed in the center of a narrow 
median, there may not be proper clearance 
between the barrier face and the face of 
curb. 

Paved shoulders for emergency parking 
are a necessity on urban expressways. One 
stalled vehicle on the through pavement 
reduces the capacity much more than the 
value of one lane, and may very well result 
inacomplete tie-up during peak hours. The 
shoulder should have a width of ten feet and 
should be separated from the traffic lane by 
a mountable curb four inches high, with its 
face making an angle of about 30 degrees 
with the horizontal. 

FRONTAGE STREETS: Most frontage 
streets in Texas have been built to a width 
of 32 feet, allowing two twelve-foot travel 
lanes and an eight-foot parking lane. In 
general, frontage streets should be one way 
toavoid conflicts at the exits and entrances 
to the freeway. Inmany cases, a twenty-foot 
width may be sufficient for a one-way front- 
age street. This width lends itself to the 
addition of an extra lane to the frontage 
street at the interchanges, which, as pre- 
viously mentioned, is desirable toavoid con- 
flict with the off-bound traffic from the 
freeway. 

In many cases, frontage streets are not 
necessary. Adjacent property can be laid 
out to back up to the expressway right of way 
or to face on streets running at right angles 
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to the expressway. This may result in dead- considerably by the existing and proposed 
endor cul-de-sac streets, which, forresiden- development of the area through which it 
tial purposes, may be desirable. passes. -Design standards must be flexible 


In closing, | wish to point out that the enough to permit variations to meet these 
design of an urban expressway is affected conditions. 
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The probability of any driver having to wait for n intervals each less 
than t seconds is: 


( (eme) eeee 


where e is the base of Naperian logarithms = 2.72, 
and N equals the number of vehicles per second 


(9) Highway Traffic Analyses Page 194 


The average length of all intervals less than t seconds is equal to: 
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(10) Time required for gap to reach original position of entering driver 


= 4x 0.9 + Car length = 3.6+ 20 =3. 24sec } 
Freeway speed 1.47 x 40_ 


Distance traveled by entering driver before gap overtakes him is equal to: 


Freeway speed x 3.94 = 1.47 x 40x 3.94 
Freeway spee 


Av. speed of entering driver | 75 —! 


~ 510 feet 
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Welding Inspection 


William H. Greer, Assistant Manager 

Southwestern Laboratories 
eldinghas become anextreme- _—_ Houston, Texas 
ly important phase of our 
industrial way of life, and more 
uses for itare constantly being 
developed. The nature of 
many of these applications has made it 
necessary that special techniquesand special 
equipment be employed, but much work 
continues to be done with the manual arc 
using coated electrodes. 


Each process requires certain standards 
for quality. control in testing the welding 
procedures and the welding operators. In “figs 
the case of weldments such as we are con-, pf Ee 
cerned with here today, the fundamentals ¥gerg 
have been established by the American Weld- @ 
ing Society, and that organization remains 
onthe job constantly, making investigations « 
and doing research work. Those of us who 
are closely associated with American Weld- 
ing Society activities know what an outstand- 
ing job it is doing. g 

First of all, permit me to quote fromap gaye 
section of the American Welding Society u | 7. j) 
Standard Specifications for Welded Highway y 7h 
and Railway Bridges: | 
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"Responsibility for Inspection: The Engi- 
neer responsible for constructing a bridge, . 
the integrity and capacity of which will 
depend upon welding, is charged with full 
and final responsibility for the welding. se 

"Inasmuch as this responsible Engineer 
frequently will not be a qualified operator Paim™ 
of welding equipment or a welding inspec- Bas 
tor, nor, however qualified, engaged fas 
personally in the act of inspection, he should fess 
discharge his responsibility in the following Hames 
ways. 

"He should assure himself of the experi-§& 
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ence, equipment, and adequacy of his weld- 
ing contractor — assuming the work to be let 
by contract — orof his operators and super- 
visors, if the work is to be done by forces 
under his direction. 

"He should assure himself of the experi- 
ence, competency, energy and firm purpose 
of his chief inspector and of assistant inspec- 
tors, if any. 

"He should provide for adequate and 
independent inspection of welding to be done 
by his own forces, and this inspection must 
be as independent of the producing force as 
if the work had been let to a contractor. 

"He should assure himself that harmony 
and a common purpose exist between his 
contractor, or the foreman of his own weld- 
ing force, and his welding inspector. 

"He should establish and insist upon a 
system of records that will allocate and 
recorda definite and permanent responsibik 
ity for the acceptance of every weld as to 
size, locationand quality, and the certainty 
that no weld called for by the drawings has 
been omitted. 

"Inasmuch as there is no visual test, and 


no other type of test which can ordinarily be 
applied at reasonable cost, by which to 
determine absolutely the degree of perfection 
of a structural weld fromits final appearance 
alone, or by hammering or otherwise operat- 
ing upon it (short of destruction or severe 
injury), inspection of welding resolves itself 
principally into: 

(a) Qualification of welding operators 

(b) Inspection before and duringwelding. " 


Let us consider now some of the funda- 
mentals that govern testing of welding 
procedures and operators for this class of 
work. 

Procedure qualification 
items as: 


involves such 


1. Filler metal specifications 
Electrode classification numbers 
An increase in electrode diameter 
Position in which welding is done 
. A change in shape of the welding 
groove 
a. Decrease in included angle 
b. A decrease in root opening 
c. Increase in root face 
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d. Addition or omission of a backing 
strip 

To qualify the procedure, a suitable plate 
assembly must be made with the characteristic 
joint details, and this procedure should be 
tested in each position to be encountered in 
the work. From each test-plate weldment, 
we obtain (a) two reduced section tensile 
tests, (b) two free-bend tests for ductility, 
and (c) two root bends and two face bends 
for soundness (or four side bends if the 
material tobe welded is one inchthick). The 
operator making a satisfactory procedure 
test is likewise qualified for that position. 

Inasmuch as your Bridge Division estab- 
lishes the physical aspects of the joint design, 
and has evidence of its suitability when 
electrodesof a given size and classification 
are used, your main consideration may be 
with the contractor's equipment and 
personnel . Inspection of his welding 
machines, cables, and accessory equipment 
will frequently indicate its general condi- 
tion. Gasoline-engine-driven generators 
should respond quickly when electrode con- 
tact is made, and shouldreflect ample power 
for the work load. Grounding cables to the 
structure should be large and have intimate 
contact with bare metal surfaces. Ground- 
ingcableswill usually be warm to the touch 
but should never be hot. Such a condition 
indicates a poor cable and/or connection. 

Leads to the electrode holder should be 
in good conditionwith tight connections and 
a minimum of splices. They should be kept 
as short as practicable. 

The operator must have steel wire brushes 
and welder's hammers asa minimum of equip- 
ment for cleaning weld beads as the joint is 
made. Pneumatic scaling toolsare preferable 
but are frequently not so readily available 
under field conditions. 

When the procedure has been established 
and proven satisfactory, welding operators 
must be tested in accordance with standard 
procedures. This involves their welding of 
prepared plates in positions necessary for the 
particular project, and will include separate 
tests for fillet welding and butt welding. 
Fromfilletweld test plates, two bend speci- 
mens are required and both are tested with 
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the root weld bead on the tension side of the 
bend. From butt weld test plates two bend 
specimens are required, one made with the 
root of the joint on the tension side, and one 
with the top or face of the weld on the ten- 
sion side. An operator qualified in the 
vertical and/or overhead positions for fillet 
welding is not required to test in the flat or 
horizontal positions. An operator that is 
qualified in the horizontal or vertical or 
overhead position for butt welds is not re- 
quired to test in the flat position. 

In conducting fillet weid operator tests the 
joint assembly is kept in the test position 
only long enough to complete the root beads. 
The plate is then taken down and the weld- 
ment completed in the flat position. In 
conducting butt weldoperator tests the joint 
assembly iskeptin the test position until the 
weldment is complete. 

During tests onsmall plates heat builds up 
rapidly andsome adjustment of machine set- 
tings may be necessary after the first few 
passes. 

Test specimens should be carefully pre- 
pared with reasonably smooth edges, andwith 
weld reinforcement removed flush with the 
plate. Sharp corners on the tension side 
should be rounded, and the weld should show 
good penetration, soundness, and fusion. 

Qualification records should be main- 
tained on each operator. 

When components of the structure have 
been assembled, aligned, and adjusted, it 
is imperative that the joint assembly show 
proper spacing, with the web and flange 
elements in goodalignment. The joint spac- 
ing should not be less than shown on the plans 
because during initial stages of the welding, 
shrinkage in the metal will tend to draw the 
parts together. If this occurs without prior 
allowance for it, the root of the joint may 
be so closed as to prevent proper penetration. 
Adequate joint spacing is a prime requisite 
for welding. 

With welding under way in accordance 
with the approved procedure and sequence 
the inspector concerns himself with the nature 
of the deposited beads. The operator must so 
adjust the machine setting and his manipula- 
tion as to produce penetration and fusion of 
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the parts with a uniformly smooth deposit 
showing good soundness with no overlap or 
undercut. Each bead _ must be thoroughly 
cleanedof slag and spatter metal before the 
next bead is put on, and any severe inclusion, 
fracture, pocket, or lack of fusion should be 
gouged out to permit proper welding from the 
bottom of the defect. Gouging can be done 
with pneumatic chipping equipment, torch 
gouges, or disc grinders. For such repairs, 
and on the initial pass in any joint, the 
electrode size should be small. The finish 
bead should be uniform with not much rein- 
forcement. 

Since temperature changes cause a 
change in volume, we are faced with the 
problem of shrinkage due to welding. More 
complicated structures induce additional 
shrinkage stresses, but the condition prevail- 
ing on bridge work is usually not too severe. 
Investigation of the effect of heat on steel 
reveals some very interesting facts. A bar 
one inch long at 75° F. increases in length 
when the temperature is raised 1° F. The 
compressive force required to return the bar 
to its original length would be approximately 
200 p.s.i. This figure has to be qualified 
because the coefficient of expansion and 
Young's Modulus change with temperature. 
If, however, we use the 200p.s.i. as approx- 
imate for 1° F., it is readily apparent that a 
temperature change of 1700° F. has terrific 
effect. The compressive stress for such a 
change would bea theoretical 325, 000 p.s.i. 

There are tworeasons why we never reach 
such values when a bar is restrained during 
heating. First, the yield strength of the 
material isreached at about 40,000 p.s.i., 
or after a temperature increase of 200° F. 
If we continue to increase the temperature, 
we get continuing deformation in the steel 
and/or movement of the structure. The 
second reason our values fall short is that the 
yield strength of steel decreases, until at 
about 1000° F. it vanishes altogether. As 
our temperature increases due to welding, 
the steel tries to elongate, and if it is re- 
strained we get an upset condition. Then 
as the metal cools it cannot return to its 
normal condition because of the upset near 
the heat zone. Whenmolten metal is placed 


in a prepared joint, it shrinks when cooled, 
and our problem is further complicated. 
Stresses with which we are primarily con- 
cerned will then become tensile stresses 
across the joint. If the componentsare rigidly 
restrained, the stress will be equal to the 
yield strength of the material and/or weld 
deposit. Inmost instances the yield strength 
of the weld deposit ishigher than that of the 
parent metal, and this feature tends to pre- 
vent high concentration of stress in the weld 
alone. 

Two other procedures are recommended 
asaids in welding heavy sections under high 
degrees of restraint. One of the most effec- 
tive of these is preliminary heating of the 
joint area to a temperature between 400 and 
650° F. just priortowelding. This procedure 
prevents quench cooling, and permitsa slower 
and more uniform cooling of the entire joint 
area witha consequent improvement in stress 
distribution. Preheating should be seriously 
considered when atmospheric temperatures 
are below 50° F., and when the job to be 
done involves heavy sections in a high de- 
gree of restraint. A second method for 
reducing shrinkage and distortion is accom- 
plished by peening weld beads with a blunt 
tool after each pass is made. This should not 
be done on the first pass because it may cause 
a fracture that will progress through the weld, 
but each succeeding bead may be peened 
sufficiently to cause slight upset of the 
deposited metal. It is not necessary to peen 
the "finish" pass, and the interest in good 
workmanship recommends against it. 

Fillet welds create angular distortion, and 
direct shrinkage is much less apparent where 
that type of joint is employed. 

Distortion and shrinkage are influenced 
by the rate of heat input, and this is related 
to the electrode size, machine setting, and 
number of beads made in the joint. The more 
beads made ina butt weld, the more stresses 
and attendant distortion we expect. This 
makes it appear that large electrodes should 
be used wherever possible, but there are other 
influences to be reckoned with. Near the 
bottom of a beveled joint the opening is 
narrow, and, since our electrade must be 
fairly close to the fusion zone for creation 
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of a suitable arc, we needa smaller diameter 
electrode. The operator also needs the ad- 
vantage of having a smaller quantity of 
molten metal with which to contend during 
the first beads, and this feature is even more 
important in positionwelding. A fairly large 
percentage of welding operators are unable 
to make satisfactory weldsina vertical posi- 
tion using 3/l6-inch diameter electrodes. 
The percentage improves when we reduce 
the diameter to 5/32 inch and is even better 
when the rod size is 1/8 inch. Then the 
inspector and/or engineer will establish a 


_ compromise technique in favor of good weid 


soundness and fusion. 

Mr. Joe Lawrence Morris, writing in 
"Welding Principles for Engineers," has said: 

"The great majority of all welds made are 
passed or approved by visual examination. 
This test is far from infallible, but if the 
general appearance of the finished weld 
meets certain standards, the product is Usually 
considered to be satisfactory, except in those 
cases where danger to life and property or 
other serious losses may be incurred by fail- 
ure of a welded joint. " 

This observation is correct, but in my 
opinion, it does not and must not apply to 
the class of inspection with which you are 
concerned. Most other codes covering impor- 
tant work require that the inspector see the 
fabrication during the assembly and welding 
of the various components as well as after all 
work is complete. 

You will not be able to see every phase 
of work performed by every operator on the 
job, but you should observe some of his weld- 
ing. Checkthe joint assembly before he 
starts; be sure there is ample root opening 
and proper alignment of parts; be sure elec- 
trodes are fresh stock and free of excess 
moisture; note the manner in which he holds 
the electrode — he should incline the rod 
ahead of the puddle, and, since the arc force 
is directional, heat must be directed 
adequately toall partsbeing joined. The arc 
should be steady, and manipulation should be 
deliberate and so controlled as to avoid 
undercut sides or highly irregular bead sur- 
faces. Before the first welding is done on 
the back side of the joint, check the condi- 
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tion of the assembly. Be sure there is ample 
clearance to fully penetrate the original root 
bead. Roughareas, excess metal, voids, and 
narrow spacing should be gouged or ground 
to provide proper conditions for welding. 
Check the operator's welding sequence and 
progression as the joint is being welded; be 
sure corners and edges are built up to — full 
section, and that finish beads are uniform. 
Be sure each operator identifies his work for 
record and reference. | 

The welding codes do not make it manda- 
tory that the inspector witness the making of 
operator qualification test weldments, but 
the inspector must satisfy himself as to the 
ability of each welder, and be prepared to 
ask for a retest if production welds become 
questionable. The physical and mental con- 
dition of an operator very often affects his 
work, anda 'Welding lay-off" of three months 
or more may recommend requalification. In 
all phases of this inspection you will be re- 
quired to render an opinion, and your judg- 
ment will not coincide exactly with that of 
a colleague. Borderline cases of acceptability 
will make it necessary that you use good 
judgment and consider all aspects of the 
case in.question. 

There are several ways in which a com- 
pleted weldment canbe examined by random 
sampling. Trepan plugs are samples cut 
through the weldment by a hole saw, and 
they offer evidence as to density, penetra- 
tion, and fusion. Radiographing is a nonde- 
structive shadow picture of theweldment that 
will show defects having a depth magnitude 
of not less than 2 per cent of the metal sec- 
tion. Magnaflux inspection is a means of 
checking for surface defects, but the effec- 
tive penetration is usually not more than 1/8 
inch below the metal surface. Ultrasonic 
inspection can show defects of any magnitude 
under ideal conditions and with a properly 
experienced technician. All of these methods 
have merit, especially with respect to the 
psychological effect on the welding opera- 
tors, but they are comparatively expensive. 
In general, good quality work can be obtained 
by steady attention to fundamentals of the 
welding operation after proper qualification 
of the procedures and operators. 


Y portable rock buster here at the Short Course, 


R.E. Stotzer Jr., Resident Engineer 
Texas Highway Department 
New Braunfels, Texas 


y” When first asked to make a talk on the 


| became somewhat panicky at the thought 
of talking about any one thiny, other than 
those "fighting Aggies "for the length of time 
they want this program to last. So immedi- 
ately | got on the telephone and called 
Mr. Browning of the Browning Manufacturing 
Company, the people who make and sell the 
rock buster, andasked him if he had any ideas 
as to how Icould carry out my program. He 
volunteered the use of a movie film andsome 
slides and that eased my task considerably. 
My introduction to this machine came 
some ten months ago on F. M. 306 in Comal 
County. On this particular project a pit had 
been setup for use as unprocessed foundation 
course and, as often happens, a considerable 
amount of oversize material was found to be 
present after construction was started. Ona 
large portion of the road, as much as fifteen 
to twenty cubic yards of the 50 cubic yards 
per station dumped was oversized and very 
hard. This oversize material was made up of 
conglomerate and limestone. Samples of this 
rock are here by my side and you can see them 
at the conclusion of the program. A D-7 
tractor and sheepsfoot roller would not break 
down more than a small portion of this. 


The contractor on this project was 
Colglazier and Hoff, of San Antonio. After 
a couple of days of trying towalk this mater- 
ial down with a tractor, it was obvious to 
both the contractor and our highway person- 
nel that something else would have to be 
tried. |had heard about this "rock buster 
machine" being demonstrated on a county 
road near San Antonio and so | mentioned it 
to C. L. Ferguson, Superintendent for 
Colglazier and Hoff, who immediately went 
to work on Jimand Bill Colglazierto try and 
get the machine to demonstrate what it could 
do in some really tough going on our job. 

Within a day or two arrangements had 
been made to bring the machine on the job 
and we proceeded to see what it could do. 
By blading out the oversize material into 
several windrowsand pulling the rock buster 
over it, itwas possible tomakeuse of all the 
material hauled onto the road. (Incidentally 
they used a D-7 to pull it, but it doesn't 
necessarily require that much tractor.) Or- 
dinarily going over a windrow twice was 
enough, but occasionally due to the size of 
the windrow it was necessary to go over it 
three or four times. Actually, the harder the 
oversize was, the better it seemed to break 
because the steel hammers would shatter it 
more. 

The rock buster isa multiple hammer-type 
machine equipped with eighteen 36-pound 
hammers rotating at the rate of 1000 R. P.M. 
and powered by a 90 H.P. diesel engine. 
Its over-all width is eight feet and its break- 
ing width is four feet. It issixteenfeet five 
inches long, nine feet high, and weighs 
about 12,000 pounds. The average life of 
the hammers varies from 150 to 600 hours 
depending upon the abrasiveness of the mat- 
erial processed. On this particular project 
the machine was in use 52 hours on the four 
and one-half miles of base material. At the 
conclusion of the job we felt that this time 
could have been reduced by 20 per cent 
through the know-how gained in using the 
machine. The machine was also used ona 
short section of windrowed boulders which 
had been previously bladed out of the road- 
way and against the R.O.W. fence. Here 
again the machine showed another desira- 
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bility, that of ridding the R.O.W. of 
unsightly boulders and leaving it clear for 
thorough-maintenance. 

By the use of this machine it seems quite 
probable our riding surfaceswill be improved 
and road costs greatly reduced. In many 
instances it would be possible to reduce haul 
distances by the use of material sources that 
would not ordinarily be used because of the 
amount of oversize material in the pit and the 
prohibitive cost of using a crusher on small 
quantities. | know that we currently have 
a project under contract in Comal County 
where we were able to use a pit that, with- 
out the knowledge that we could revert to 
the rock buster, the oversize would have 
scared us off and forced us to haul a much 
greater distance. 

On this project we specified a maximum 
size of twoand one-half inches on the foun- 
dation course and emphasized to the prospec- 
tive bidders while showing the job that all 
acceptable material in the pit would be used. 
They were told that it could be processed 
either in the pitoron the road, thus leaving 
the bidder to decide which would be the most 
economical way to meet the specification. 

In the past our practice has been to break 
down the oversize base material as much as 
possible with a tractor and sheepsfoot roller, 
then blade the remainder of the oversize 


material into the ditch to be buried or win- 
drowed against the fence. Insome cases this 


has amounted to considerable yardage; how- 
ever, the big objection in my opinion has 
been the pitted surface that sometimes devel- 
ops after the completion of the project 
caused by the oversize material in the thin 
course of base. The quality of the material 
after processing it with the rock buster ap- 
proached that of base material run through 
a crushing plant. 

The rock buster costs approximately 
$10,500 and currently rents for $1,000 per 
month. Using the rate of processing that we 
got on the Colglazier and Hoff project, the 
additional cost of processing would be about 
6 or 7 cents per cubic yard.  Process- 
ing this same material witha regular crushing 
plant would probably cost us somewhere 
between 35 and 45 cents per cubic yard. 


Texas Highway Department 
Littlefield, Texas 
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I have 
attending several Highway Short 
Courses and have gained a great deal 
of information and benefit from the 
excellent papers delivered and the 
discussions that have come out of the 
meetings. Ihave prepared this paper 
with the thought in mind of having a 
great deal of discussionand I hope you 
will joinina discussionof this subject. 
I think an open discussion will give 
many of you an opportunity to express 
your ideas and opinions on any 


had the opportunity of 


particular point. 


For after all, new ideas and new 
solutions to old problems are the 
lifeblood of the engineering and 
construction professions. Engineers 
and contractors alike must be open- 
minded and receptive to suggestions 
for new methods, equipment, and 
materials. Many procedures’ and 
materials that were unheard of, or at 
least thought to be farfetched, ten or 
fifteen years ago are now in common 
use. 

So it is with concrete pipe for use 
in drainage structures. 

Concrete pipeis not a new product. 
It has a long and enviable record of 
service vin ‘the culvert “field “for 
highways andrailways. Concrete pipe 
culverts were developed by the railway 
engineers and the highway engineers 
to fill a need for a rugged permanent 
culvertpipe. Tworailways have used 
these culverts for 80 years. The 


W.H. Garrett, Senior Resident Engineer # ; 
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state of Iowa has used this type culvert 
for highway structures since 1906, 
ands the universally accepted... life 
expectancy oO: One is 100 years, ~The 
lack of manufacturing facilities in 
many areas has limited its use for 
highway drainage structures. 

Inthe past 10 years there has been 
a marked increase in the use of this 
culvert, bothinthe Land Service Road 
Program and in theprimary highway 
system, whichis due primarily to two 
factors: the increased manufacturing 
facilities, and the economic advan- 
tages. 

In my area there is extensive use 
of concrete pipe for underground 
transportationof irrigation water, so 
the demand has placeda manufacturing 
plant within reasonable shipping 
distance of most highway projects. 

Since the increased demand for 
low-cost highways has brought about 
the extensive use of this product for 
culverts, engineers and contractors 
are faced withthe problem of choosing 
a method of installation that will be 
economical, and at the same time be 
adequate for existing conditions. 

Soif you are going to use concrete 
pipe, youwillhave to make the joints, 
and itis going to be up to you to choose 
the type of joint. I will-give you my 
ideas onthe subject, and will welcome 
your questions or comments at any 
time. 

First, I will take up the laying of 
the pipe, since in my opinion the first 
requirement for a good, well-fitting 
joint is a uniform, well-prepared, 
properly shaped trench or foundation 
in which to place the pipe. The location 
of the pipe is staked out for center line 
of roadway and center line of pipe 
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culvert, and the flow line elevation of 
pipe given. 

Then the excavation and fine grading 
ofthe trench is completed. The bottom 
section of the trench is shaped to fit 
the lower part of the pipe exterior for 
approximately 10 per cent.of its 
over-allheight. This lower part of the 
excavation muSt be cut to the shape of 
the lower part of the pipe and must be 
uniform throughout the length of the 
culvert, or a poor joint connection 
will be the result. A template cut to 
the shape of the outside of the pipe 
must be used in checking the shaping 
of the bedding. | 

The laying of the pipe shall start 
at one end of the culvert and proceed 
to the other end. In my opinion it 
makes no particular difference where 
one begins, but, usually the outlet 
end is preferred. The tongue end of 
the pipe shall point in the direction of 
flow. 

There are four main types of joints 
for gravity flow concrete pipe culvert 
and sewer pipe: the bell and spigot or 
bell end type joint, the modified tongue 
and groove type, the tongue and groove 
type, and the concrete collar type of 
joint. 

The tongue and groove type joint 
is the one most commonly used in pipe 
culverts and I will first talk about the 
construction of this type of joint. The 
first pipe downstream should be 
bedded to establish line and grade, 
withthe groove upstream. The groove 
should be carefully washed with a wet 
brush and the bottom half of the groove 
end filled with mortar (all mortar 
Shall consist of one part portland 
cement and two parts sand properly 
graded), The tongue of the next section 
of pipe is cleaned with a wet brush 
and a layer of mortar is applied to the 
top half. The tongue end of the pipe 
is then fitted into the groove end until 
the mortar is squeezed out onto the 
inner and outer surfaces. The inner 
surface of the pipe at the joint is then 
brushed smooth and the outside pointed 
up witha bead of mortar approximately 
two inches wide and one-fourth to 
one-half inch high to complete the joint 
seal. The mortaring of these joints 
is purely a hand job, supplemented 
withtrowel and brush. The workmen 
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should wear some type of glove for 
protection of the hands. This, the 
cement mortar joint seal, is probably 
the oldest jointing materialused. The 
secret of its.-success “1s adequate 
inspectiontoinsurethatit is properly 
made. It is a watertight, rigid joint 
widely used with complete success. 

There are several jointing com- 
pounds on the market for use with the 
belland spigot, tongue and groove, or 
the modified tongue and groove joint. 
Some of these jointing compounds have 
been used with complete success and 
the use of others has resulted in 
disastrous failures. 

Large cities like New Orleans and 
Los Angeles and Los Angeles County 
report success with jointing com- 
pounds. Ihave never experienced the 
use of any type of these compounds 
and do not have any further information 
on them. 

There is another type of joint seal 
that I would like to discuss a little. 
That is the cement mortar oakum 
joint. 

In this type of joint the tongue and 
groove..pipe .is laid, in, ;the,.same 
manner as previously discussed with 
the exception that oakum is used in 
the joint in addition to the cement 
mortar. In pipe sizes 36 inches and 
over the caulking is done from the 
inside and the tongue is generally made 
Shorter than the groove to. provide 
Space to accommodate the oakum. 
After tthe tongue end of the pipe is 
fitted onto the groove end of the other 
pipe, the mortar has to be cleaned 
out, making spacefor the oakum. The 
oakum shall have been previously 
dipped in a mortar mix of one part 
cement andtwo parts sand. The oakum 
is then .placed in the joint with a 
caulking tool. Theinner surface of the 
joint is brushed smooth. Oakum is a 
closely twisted hemp or jute gasket. 

In pipe sizes under 36 inches the 
caulking is done from the outside and 
the tongue is made longer than the 
groove to provide space for the oakum. 
Aiter the oakum is caulked into the 
joint, itis covered withcement mortar 
to form a bead over the joint. 

This is the. type of. joint L would 
Suggest for use in concrete culvert 
pipe. 


I would also like to mention the 
Single rubber ring gasket joint which 
is widely and successfully used on 
concrete pipe Sanitary sewer lines and 
might be used successfully on concrete 
CUulIvVenLDIpe. unis rubber ring is used 
more oftenwith the tongue and groove 
in Der Olu provides anecxcellent 
watertight joint. Itis completely root 
Livdieeandsyele nase aecertainesmall 
amount of flexibility -- enough to allow 
for slight settlement movement in the 
line. This single ring gasket is similar 
in. principle to the rubber. rings used 
on fruit jars with added shapes and 
corrugations so that the joints slip 
together easily and come apart with 
duditculty, Lhesrubber ring gasket is 
slipped over the tongue before the 
Section of pipe 1S laid in the trench. 

The tongue of the pipe with the 
rubber ring on it is then inserted into 
the groove end of the pipe in place in 
the trench, thus sealing the joint. 
However, the pipe must be manu- 
factured to close tolerances so that 
there is the correct space left for the 
single rubber ring. 

Anyone wishing more information 
regarding the dimensions for the pipe 
ends, tolerances, andinstructions for 
installation may get such information 
fromthe manufacturers, the names of 
which will be furnished upon request 
addressed to the American Concrete 
Pipe Association, 228 North LaSalle 
otreet,'-Chicago 1; Illinois. 

There has beensome discussion as 
to how longthese mortar joints should 
be curedor left open before the back- 
fillingisdone. The green book of the 
Texas Highway Department Specifica- 
tions calls for the joint material to 
remainopenfor 24hours, but this has 
been amended by Special Provision 
calling for six hours minimum time 
before the backfilling is done. I can 
see no particular reason why the 
mortar joint cannot be _ backfilled 
immediately, while the mortar is still 
plastic. However, the mortar joint 
must be coveredimmediately with wet 
paper, wet burlap, or other wet 
material for proper curing . and 
protection. The paper from cement 
bags makes a very satisfactory and 
economical cover. 


The joints of the irrigation pipe in 
my area are made byfilling the groove 
completely with mortar and forcing 
the tongue end into the mortared 
groove and then sealing the joint inside 
and out practically the same way as 
previously stated for the pipe culvert 
joint.) Thee sbackislisng 51s done 
immediately. This method of sealing 
the joint of underground concrete pipe 
is used by a local company and may 
not be the universal method of joint 
sealing, 

Insomecases, where traffic would 
be inconvenienced, I have had the 
backfill placed immediately after the 
joints were sealed, using a wet burlap 
material» in the particular case for 
cover over the mortar joint, with very 
satisfactory results. 

I have laid concrete pipe culvert 
with no mortar in the groove -- what 
Iwouldcalladry joint -- simply laying 
and fitting the ends of pipe as closely 
as possible and then sealing the joint 
inside and out with mortar in the 
same manner as previously stated. 
his@jOlntinoes Nase DCLovVena tome 
satisfactory. I believe it will allow 
the pipe to be salvaged more easily if 
it is necessary to remove the pipe in 
the future. The mortar bondage in the 
groove would cause the tongue and 
groove to be broken in removing the 
pipe: 

Now the question may arise as to 
whether or notitis necessary to use a 
joint sealatall. Insome cases I think 
I would lay the pipe with a dry joint, 
without sealing at all, due to the type 
of backfill material. If there is a 
seepage or free-water collection 
around the pipe, the dry or unsealed 
joint might be advisable since this 
type of jointing would afford a means 
of bleeding or drainage for the backfill 
around the pipe. I have been told that 
there are some engineers who have the 
pipe laid with the joints unsealed, and 
if there is anyone here that would give 
us some discussion on this type of 
joint, I would like to hear from you. 

There is one thing you must bear 
in mind, and that is, whatever type 
of joint you may choose, it takes an 
experienced workman to make _ the 
successful joint, sealed or unsealed. 
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J.W. Cravens, District Maintenance Engineer 
Texas Highway Department 
Paris, Texas 


Controlling Encroachments on Highway Right of bi 
O.L. Crain, Assistant District Engineer 
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Shoulder Surfacing as a Maintenance Operation 

I. H. Crutcher Jr., District Maintenance Engineer 
Texas Highway Department 

Tyler, Texas 


Grover Green, District Maintenance Engineer 
Texas Highway Department 
Dallas, Texas 


O.L. Crain, Assistant District Engineer 
Texas Highway Department 
Bryan, Texas 


It is with considerable pleasure 
that 1 am allowed to bring you a 
discussion ona subject about which I 
know absolutely nothing. You who hear 
me willfeel as the father did who was 
listening to his son expound on what 
he would do when he became a father. 
The father looked at his son and told 
him that he had better ''do all his 
talking now as he would find that he 
knew less and less when he actually 
became a father. '' Having spent the 
figStac2., years of, my career in,the 
construction end of the Department 
and only a short time in active main- 
tenance work, I am definitely in the 
position of the expectant father, 
insofar as encroachments are con- 
cerned. 

When Fred Benson asked _ the 
districts for subjects for discussion 
for this Short Course I suggested the 
subject of encroachments, as it 
appeared to us here in District 17 to 
be getting worse. One writer from 
Whittier, California, seems to agree 
with us. In "Over the Highways" in 
the September issue of Texas High- 
ways a tourist stated - "Did not like 
our lack of control of right of way." 
Onthe other hand another tourist was 
impressed by the lack of advertising 


‘signs. This indicates: . extreme 
variation in the problem under 
discussion. 

in, the, past. ,four.years..l4 have 


traveled in fourteen districts, other 
than District 17, and have talked toa 
number of maintenance men and it 
appears) that encroachments’ are 
becoming more of a burden each 
Bassiuecivear, 7 Mr... Greer, ~in sa 


comments, 


Maintenance Order dated February 26, 
1946, says '--- more and more 
unauthorized signs are appearing on 
our highway right-of-ways. Although 
in the strict sense of the word the 
majority of these may not be of a 
commercial advertising nature, they 
are probably detracting the attention 
of the traveling public from our 
highway markers. 

"Ata time when traffic accidents are 
onthe increase, wefeelthata renewed 
effort should be made and all field 
employees be instructed again that no 
unauthorized signs be permitted to 
remain within the limits of the 
right-of-way. - - -"' 

When Fred asked if I would take 
this subject, I agreed only with the 
understanding that I could call on 
others inthe Maintenance Division for 
discussions and with audience parti- 
cipation we allcould learn as much as 
possible about controlling encroach- 
ments on our highway rights of way. 

Before’ <leycall «on anyone , for 
I would like to give youa 
brief background of the laws, 
department policies, and definitions, 
which form the basis of departmental 
handling of encroachments. 

The first and main law under which 
we operateis Article 784 Texas Penal 
Code 1925. 

Second - Circular Letters - 1936 - 
1939 and 1946. 

Third - Maintenance Manual spe- 
cifically refers to removal of signs, 
posters. .etc? 

Land for our present highway 
system was acquiredin four ways. In 
fee simple, easement, prescription, 
and consent. The first method - fee 
simple, means title without restric- 
tions or limitations. Easements are 
granted for a specific purpose, and 
are limited to the life of the purpose 
for which it was granted. Prescription 
is the establishment of a claim of title 
by use and enjoyment during a time 
fixed .byxlaw: (not title to land, etcs, 
except for public purposes or use). 
Consent - whereby we ask and get 
permissiontodocertain things. This 
can and does run into the same right 
as givenabove byprescription, except 
that by prescription we may or may 
not have gotten previous permission. 
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The Department as we know it 
today acquires land for highway 
purposes by warranty deed, that is in 
fee simple or by easement. Many of 
our old highways as well as many of 
our new farm-to-market roads exist 
on rights of way of unknown origin. 
Like Topsy, ''They just growed.’ 
However, we today are concerned not 
as much with how we obtained our 
rights of way as we are with how to 
keep them clear of encroachments, 
although the method of acquiring rights 
of way does have a bearing on the 
ease with which we can clear the 
encroachments. . 

Webster's Dictionary defines 
encroachas 'Toenter by gradual step 
or by stealth into the possessions or 
rights of another;to trespass; intrude. ' 
So, any unauthorized signs, plowing, 
planting, fencing, buildings, pipe lines, 
utility lines, selling of potatoes, beans, 
watermelons, used cars, cattle, 
dumping of debris and dead animals to 
us constitutes an encroachment or 
trespassing onour rights of way. The 
highways are for use by the traveling 
public and they have every right to 
expect that they can travel them with 
safety, minimum of cost, and maxi- 
mum of pleasure. 

An unauthorized encroachment 
constitutes a hazard, is an unneces- 
sary waste of funds to remove, and in 
most cases does not afford pleasure 
to travelers. The State Highway 
Departmentisa service organization, 
tax supported by the operators of 
vehicles over our highways and 
certainly we, ‘as’ ’employees of ‘the 
Department, should not be arbitrary, 
rude or impatient with the individual 
violator. However, when the individual 
does encroach on the rights of the 
traveling public we must take a 
positive stand to prevent and/or 
remove the encroachment to insure 
traffic safety and preserve the utility 
of our highways. The best defense 
against encroachment is a fast and 
efficient offense. That is, constant 
vigilance, prompt action, and per- 
suasive arguments by all personnel of 
the Department. Resident Engineers 
and their forces should be just as 
interested in maintaining clear and 
unobstructed rights of way as are the 
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Foremen and _ other 


Maintenance 
maintenance personnel -- not nec- 
essarily to take positive action but to 
be on the alert and report and resist 


anyandallencroachments, Itisevery 
one's Department and we all should 
be equally proud and eager to keep it 
the best Highway Department in these 
United States. 

As I told in the beginning, my 
experience in maintenance work is 
limited, but not my opinions. They 
are varied and unlimited, subject to 
change with very little warning, and I 
give them to you now for what they 
might be worth. 

I believe the key to control of 
encroachments, assuming of course 
that you have some, lies with our 
Maintenance Foremen and their county 
forces. Ofcourse, they must have the 
backing and support of their superiors 
as wellas the cooperation of the county 
courts and law-enforcing agencies, but 
they remainthe keyfigures. They are 
required to cover all their highways 
every week, with coverage of im- 
portant highways every day. They 
should see the encroachment, take 
prompt action, and if this action is 
ineffective, reportto their immediate 
supervisor and let him carry the ball. 
Now enters a peculiar trait common 
to all of us. Seeing or riding over a 
highway innumerable times tends to 
dull our recording mechanism to the 
point that our brain does not record 
what our eyes see. Seriously, ata 
recent meeting of our Maintenance 
Foremen, "we discussed thisave, 
problem and debated the value of the 
foremen exchanging counties for one 
or two days each month in order to 
improve the general quality and degree 
of maintenance of our highways. But, 
back to the foremen seeing the en- 
croachment and not being able to 
remove or have it removed, the 
Supervisor is handed the ball. I have 
one ball which was handed to mea week 
ortwoago. Just recently the district 
passed this same ball to the county 
court of one of our counties. So far 
they have not fumbled. If for some 
reason the cooperation and assistance 
of the county court cannot be obtained, 
we Still have the right to file charges 
against the encroacher. 
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With the permission of the Chair, 
I shall modify the title of the assigned 
subject to ''Partial Shoulder Surfacing 
as a Maintenance Operation. " 

Ironore gravel, our only local base 
material, isunsatisfactory for use on 
shoulders without an asphalt surface. 
The rapidity with which it blows away 
in dry weather, combined with 
increasingly long hauls due to fast 
dwindling sources, makes replace- 
ment costs prohibitive. An asphalt 
surfaced shoulder, wide enough to 
encourage its use as an extra traffic 
laneis subject to early failure unless 
the base is of adequate thickness to 
withstand heavy wheel loads. We have 
a considerable mileage of shoulders 
of this kind, usually placed as a 
construction item when the road was 
paved. The high cost of this type 
shoulder quite obviously precludes its 
use asa maintenance operation on any 
considerable scale. In areas near 
cities, or in the vicinity of extensive 
commercial or residential develop- 
ment along the highway, the full width 
surfaced shoulder may be essential. 
But in strictly rural areas, even if 
sufficient funds were available, we 
question the necessity of such an 
investment in our locality. 

We consider Bermuda grass sod 
indispensable for shoulders in most 
conditions in our district. As a 
compromise measure, on our heavier 
traffic roads, we are now making 


ec ecee e meececeacae e ece e ece 


l.H. Crutcher Jr. 

District Maintenance Engineer 
Texas Highway Department 
Tyler, Texas 


POOLE TEE TE LEE ET ER SEEPS EE SERRE OSS Ee CRE Sete 


extensive use of what we call transition 
strips between the pavement edge and 
the sodded outer portion of the 
shoulder. This procedure originated 
actuallyas pavement widening. Many 
of our principal highways were paved 
20 to 30 years ago when eighteen or 
twenty or even sixteen feet was the 
usual width. As traffic increased, 
proper shoulder maintenance became 
virtually impossible.. To meet this 
problem, we started many years ago 
a consistent program of pavement 
widening. The procedure is to cuta 
trench nine to ten inches deep and two 
to four feet wide on each Side of the 
pavement. We made a most satis- 


factory tool for this purpose by cutting 
a short sectionfrom an old moldboard 
and bolting it to the moldboard of the 
grader to be used. After scarifying 


es 


Here, a three-foot transition strip is used 
with eighteen-foot concrete pavement. 
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Two and one-half foot transition strip -- 
Twenty-four foot rock asphalt pavement. 


i Two and one-half foot transition strip 
Hl Twenty-four foot hot mix asphaltic concrete 
| pavement. 

nal the shoulder adjacent to the pavement 
about six inches narrower than the 
haf] desired width, thisimplement will cut 
auniform trench with a regular outer 
A edge. The trench is then filled with 
AW irons oresscravel: 7Compactionaias 
| secured by blading part of the material 
out of the trench onto the pavement, 
wetting, and rolling with truck and 
maintainer wheels as itis brought back 
in we liavichcthemeprei med tandramsincle 
asphali@surface vapphed@wicince= the 
color ‘rand surface textureimoimthis 
! widening strip differs from that of the 
{], original pavement, mosttraffic shows 
i atendency to avoid the widening strip 
iI except when crowded by opposing. or 
passing vehicles. With very little 
traffic along the edges of the widened 
| pavement, the maintenance of smooth 
Wl sod shoulders is relatively easy. 

WW Later, as it became desirable to 
ih resurface these roads to improve their 
i riding quality or to strengthen them, 
di they were covered with asphaltic 


| 
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RC-2 prime - 25/100 gal. per s.y. 
y Nativersands=al cry, tlLosl40ksay. 
OA-135 - 25/100 gal. per s.y. 
Aggregate, Type B, Grade 3, 
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iH} 
| Iron ore base inplace - 6 mi.’ avg. haul- 20c.y. per sta. 
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Two-foot transition strip -- : 
Twenty-two-foot concrete pavement. 


Two-foot transition strip, twenty-five-foot (| 
hot mix, cold laid asphaltic concrete pave- 
ment. 


concrete or rock asphalt carried out 
over the widening strips to provide a 
pavement width of 24to25 feet. Since 
the color and surface texture of the 
pavement was now the same full width, 
traffic tendedto travel near the edges 
and some rutting of sod shoulders 
developed. 

Taking. our cue from the results 
obtained by widening strips along 
narrow pavements, we reasoned that 
transition strips of contrasting color 
along the wider pavements would be 
worth the investmentasa safety factor 
and repay their cost through reduced 
shoulder maintenance. The usual width : 
of these strips is one and one-half_or : 
two feet, though we have built some as 
narrow as one foot and Some as wide 
as five feet. Costs, of course, are 
contingent onthe length of haul for the 
base material. Our average is about 
$1,250 to $1,500 per mile for a two-foot 
width. For such a job a typical esti- 
mate (below) would read: 


@$1.00perc.y. 
@ 0.14per gal. 
@ 2.50perc.y. 
@ 0.13 per gal. 
@ 6.00perc.y. 


| 
1 
. 
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In order to secure as much color 
contrast as possible we use crushed 
stone for aggregate, and use the 
minimum amount of asphalt required 
to hold the aggregate to prevent the 
surface from bleeding and turning dark 
ineolor. Atnight, these light-colored 
strips along the edges of a dark 
pavement are most effective in sharply 
defining the pavement edges. 

‘The construction of these transition 
strips on our heavier traffic roads is 
now one of our major maintenance 
operations. And on our most recent 
flexible base jobs the base has been 
placed three feet wider than the 
surface. This will allow us to construct 
an .eighteen-inch transition § strip 
without the necessity of trenching. 


Two-foot transition strip, twenty-four-foot 


rock asphalt pavement. 


Fifteen-inch transition strip, twenty-five-foot 
hot mix asphaltic concrete surface. 


I believe any discussionof shoulder 
surfacing would be incomplete without 
some mention of that eternal headache, 
the private access drive. We now 
have a pretty definite departmental 
policy requiring that surfacing of 
private drives be paid for by the 
owner. Unfortunately, 95 per cent of 
them will not or cannot do so. The 
deeply rutted shoulder and raveled 
pavement edge at many of these 
approaches constitutes a _ definite 
traffic hazard. Certainly it is our 
dutyto our customers, the tax-paying 
motorists, to maintain the shoulders 
in a safe condition along the entire 
traveled roadway, including the 
approaches from private property. 
Smoothing up the rutted shoulders 


Eighteen-inch transition strip -- 
Twenty-two-foot concrete pavement. 


hot mix asphaltic concrete pavement. 
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Bermuda-sod shoulder, twenty-four-foot 
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Close-up showing texture of oil mix surface. Close-up of surface texture of transition strip. 


with earth or even gravel at these 
points “1s usually —a short-lived 
expedient, and frequent blading and 
addition of material are necessary 
for satisfactory maintenance. 

Trying to solve this problem, we 
started experimenting about a year ago 
with cracked fuel oil, which costs us 
a fraction over 4 cents per gallon 
delivered. We mixthis oil with blades, 
also using a Seaman Pulvi-mixer when 
available, with the material in the 
bottom of worked-out gravel pits, 
which usually contains a fair amount 
of gravel. Where we have no old 
gravel pits on reasonable hauls, we 
use the best available local soil, 
preferably sand clay. After mixing, 
the material is cast into windrows, 
where it will keep indefinitely, and is 
hauled outas needed. This has proved 
to make a satisfactory surfacing on the 
shoulders at private approaches. 
Actually we usually place the oil mix 
outto the culvert, where one is used, 
or across the ditch when access is by 
a dip. This may be stretching our 
policy a bit, but certainly the main- 
tenance of the shoulder, road slope, 
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and ditchis essential, and we assume 
it is not the intention of the policy to 
prevent maintenance of these critical 
areas. 

In some of our early experiments, 
we made this mix too lean so that it 
tended to ravel and dust out, but by 
trial and error we can now produce a 
material which gives excellent results 
at access-drive approaches and mail 
box turnouts. From 25 to 30 gallons 
per cubic yard is usually required. 
Cost of the material in place will run 
around $3 per cubic yard. The amount 
used per square yard varies with the 
condition of the drive. On an existing 
gravel base we use a light cutback tack 
coatand place the oil mix one inch or 
less inthickness. When placed directly 
onearth we omit the tack coat and use 
two to three inches of the mix. “Cost 
data on one job of 118 installations 
showed an average cost of $12.75 
each. Another job of 124 installations 
averaged $14.30 each. We believe 
this procedure will help solve one of 
our most vexing problems, and that 
savings in maintenance will soonrepay 
the ‘cost, 


Oil mix surfaced private access approaches. 


. 


\ 
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Proper maintenance of open gravel 
and rock shoulders on the principal 
highways in our district has been a 
matter of considerable concern to us 
for the reason that shoulders can be a 
serious hazard to safety unless kept 
flush with the pavement surface. On 
our heavier traveled highways, 
particularly the ones we still have of 
pavement width less than 24 feet, fast 
traffic and outside dual wheels of 
trucks and trailers whip and suck out 
the shoulder gravel or rock along the 
pavement edge, leaving a dangerous 
trenchthat can cause a driver to lose 
control of his vehicle if wheels leave 
the pavement. This continuing con- 
dition requires constant maintenance 
correction, either by addition of small 
amounts of gravel or crushed rock 
hauled to the shoulder at regular and 
frequent intervals or by blading 
shoulder material from the outside of 
the shoulder to the pavement edge. 
The latter is the practice most often 
followed and after a few bladings the 
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shoulder begins to get noticeably low 
on the outside edge. 

In an effort to provide greater 
safety and a higher standard of 
shoulder maintenance we embarked, 
in 1952, on a program of surfacing 
those principal highway shoulders 
which were constructed of a material 
that would holda surface. The Trinity 
River gravel which is common in our 
district will not hold a surface with 
any degree of satisfaction so we have 
not surfaced shoulders constructed of 
this material. At the present time, 
however, we are treating some Trinity 
River gravel shoulders on U.S. 75 in 
Ellis and Navarro Counties by admix- 
ing binder material and will surface 
the shoulders if satisfactory compac- 
tion of the admixed gravel can be 
obtained. To date we have surfaced 
the shoulders on 133 miles of high- 
ways, 84 miles with maintenance 
forces and 49 miles by contract, An 
additional 32 miles will be surfaced 
before this month is over. 
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The surfacing serves the purpose 


of keeping the shoulder level with the: 


pavement and, if the traveling public 
would use the surfaced shoulder as a 
shoulder, we believe that materially 
increased safety would be obtained and 
thatan over-all reduction in shoulder 
maintenance cost would result. We 
have found, however, that immediately 
after shoulders are surfaced, a certain 
percentage of vehicles, predominately 
trucks, start traveling the shoulders 
thereby making a four-lane facility of 
the two-lane highway. As a general 
rule truckers are the most thoughtful 
and courteous drivers on the highways 
and a large percentage of them will pull 
out on the shoulders in order to let 
faster traffic pass. If the shoulder 
has a good, smooth surface the truck 
driver would rather ride the shoulder 
than to pull out periodically to let 
traffic pass, so he chooses the 
course of driving on the shoulder 
continuously. This practice has 
proven disastrous for us in that 
Sections of six-inch depth gravel 
shoulders we have surfaced have 
suffered much damage as a result of 
heavy loads. 

We experimented with the use 
of signs reading ''Shoulders for 
Emergency Use Only" in an effort to 
keep traffic from using the shoulders 
as traffic lanes and believe that the 
Signs brought about a fairly large 
degree of cooperation. It was not 
feasible, however, to erect signs which 
would have sufficient message to 
explain» to, the public. (why saeinice 
surfaced shoulder’ should not be 
traveled on, and use of the signs was 
criticized by some and their use 
finally discontinued. It appears that 
unless we can devise some means of 
keeping traffic, particularly trucks, 
from using the shoulder as a travel 
lane we must construct all shoulders 
on principal highways to a depth 
sufficient to carry heavy loads. We 
are now following a practice of using 
a ten-inch minimum depth for shoulder 
construction on principal highways. 

Another reason why the public 
should not use the shoulder for a 
traffic laneis that the bridges in most 
instances and culverts in some in- 
stances are not of sufficient width to 


=929- 


allow uninterrupted travel on the 


shoulders. Some accidents have 
resulted from vehicles running into a 
bridge end when traveling on a 
surfaced shoulder in an attempt to 
pass another vehicle on the right. 

Following are listed, as we see 
them, the advantages and disadvan- 
tages of surfaced shoulders: 
ADVANTAGES: 

1. Eliminate trench at pavement 
edge caused by tire suction on loose 
Shoulder material. 

2. Eliminate necessity of blading 
shoulders after eachrain. We believe 
this increases’ safety by great 
decrease in number of times main- 
tenance equipment is required on 
shoulders. 

3. Present neater appearing sec- 
tion. 

4, Move the point of damage from 
dry-weather cracks from near pave- 
ment edge to point near outer edge of 
surfaced shoulder. 
DISADVANTAGES: 

1. Tendtoencourage use as travel 
jane and increase tendency of traffic 
to illegally pass on right. 

2. Increase danger in use as an 
emergency parking area in_ that 
vehicle parking would be in more 
danger of being run into. 

3. Increase cost of shoulders 
Since greater thickness must be used 
to provide strengthfor carrying heavy 
traffic. 

Our usual shoulder surface con- 
sists of 0.25 to 0.3 gallon per square 
yard prime coat of MC-1 and 0.3 
gallon per square yard OA-135 or 
RC-2 surface shot covered with Type 
A, Grade2 Aggregate at a rate of one 
cubic yard to from 80 to 90 square 
yards: Fhe ‘average "cost ot souc 
Shoulder surfacing performed by 
maintenance has been $1, 114 per mile 
or 14 cents per square yard. 

We have found that our best results 
have been obtained where we have had 
maximum contrast between color of 
pavement and color of shoulder-sur- 
facing aggregate, such as _ light- 
colored rock aggregate shoulders 
alongside hot-mix asphaltic concrete 
pavement. The more the color 
contrast, the less the Shoulder is used 
for travel. 
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The welded bridge is making rapid | 


strides of progress in our Highway 
Department. We are_ continually 
increasing span lengths, deepening 
oireens,. ands) sinegencraly ymiakiuie 
more efficient use of this versatile 
process for joining structural mem- 
bers. Texas, however, has notalways 
been so forward in the use of weldea 
bridges. About 25 yearsago, whenour 
Highway Department was expending 
its most ambitious efforts on concrete 


arches and simple trusses, the first | 
large-scale use of welding for bridges | 
Many | 

and | 


beganin France and Germany. 
of these all-welded highway 
railway bridges built in Europe prior 
lO wWOrl daWare ll Vare still 


satisfactory service. The few that 


have failed served to indicate ways for | 


improving the design of subsequent 
bridges. All of these failures can be 
attributed to one of three things: poor 
design, improper welding technique, 
or unsuitable base material. Muchhas 
been done fo correct these early 
shortcomings and to educate the 


engineer: to accept arc welding as ay] 


proven process. 

About 1935 Canada and the United 
states began to build a few all-welded 
bridge structures. Connecticut, 
California, and Kansas were some of 
the states taking the lead in this 


STORM 


giving | 


WELDED 


BRIDGE STRUCTURE 


construction? One sof ther miactogs 
| retarding the growth of welding in 

some States was the reluctance of the 

Federal Government to grant Federal 

Aid on all-welded, built-up girders. 

This “and. other factors have=contrib= 

uted to the reluctance of American 
| engineers toacceptarc welding as one 

solution to their bridge problems. It 
| 1944 that the Texas 
took, "some 
| steps toward making the 
welded bridge a reality in our state. 
In the latter*part- Gl thatjyecarmettons 
were sent to each District. Enemecr 
requesting him to’ Send ay represent— 
| ative to a school to be held in Austin 
in January of 1945. This school was 
to be conducted by an expert secured 
from. the | hincoln 7 VArchaay elie 
| Company and was to acquaint the 
design personnel of the Department 
with the fundamentals of arc welding 
asappliedtobridges. The school was 
a “success and “soon thereatter athe 
Department began specifying welding 
for all diaphragms and bracing on 
I-beam bridges. In.1946, ana"i947 
some continuous I-beam bridges were 


was not until 
Highway Department 
| positive 
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designed with welded field splices in 
the main members. These bridges 
were in selected residencies with 
private laboratories doing the welding 
inspection. By 1948, all continuous 
I-beam units carried the welded beam 
spliceasa basis of pay with a riveted 
splice option. Itsoon became apparent 
that the contractors were favoring the 
welded splice and that the Highway 
Department was in dire need of more 
trained inspectors to handle this work. 
Thus, in1948 Mr. P. V. Pennybacker 
of the Bridge Division began holding 
welding schools in the various 
districts to train men as welding 
inspectors. To supplement this 
program, several menwere employed 
by the Bridge Division to do the 
welding inspection on highway struc- 


tures throughout the state, when so 


requested bya District Engineer. The 
Austin office still has four such men 
available to do this work. 

Our first all-welded plate girder 
was designed and put under contract 
in 1950. This was a three-Span 
continuous unit with end spans of 100 
feet and center span of 130 feet 
crossing the Sabine River between 
Smith and Upshur Counties. Welded 
field splices were called for at points 
along the girder about 30 feet in both 
directions from the interior piers. 
This bridge with some modifications 
served as a pattern for several later 
structures. 

Early in the following year, a 
contract was let for an all-welded, 
grid-type structure over a railroad 
yard in El Paso. By grid we meana 
system of transverse beams of equal 
importance to the longitudinal beams 
in transmitting load to the substruc- 
ture. The conditions governing the 
design of this structure were very 
rigid, with the location of most of the 
Substructure being fixed by the 
clearance lines of a series of closely 
spaced railroad tracks. This over- 
pass had stringers and floor beams of 
equal depth welded rigidly together 
and supported by steel H-columns 
welded to either the stringers or the 
floor beams. Although this design 
was by no means ideal, it did give a 
workable solution to a_ difficult 
problem. 


In the past four years we have 
completed about a dozen all-welded 
plate girder bridges and several 
others where welding was’ used 
extensively. Several recent develop- 
ments, which we will discuss later, 
make the all-welded plate girder even 
more versatile than it has been in the 
past, and make it economically 
feasible for spans almost twice as long 
as our earlier thinking indicated. Our 
Department is truly on the threshold 
of tremendous advancement in welded 
bridge construction. 

Before proceeding to a discussion 
of design methods, we should justify 
the use of welded connections rather 
than riveted or bolted ones. Where 
welding is used we may normally 
expect to accomplish the following 
results: 

1) Reduce the size and weight of 
structural members and their con- 
nections. Full areas of tension 
members and of tension flanges of 
beams and girders are effective in 
carrying stress. Metal in a welded 
structure can be placed where it will 
function more efficiently. Splice 
plates are eliminated. These and 
other factors have combined to give a 
maximum weight saving of about 20 
per cent in our built-up girders in 
bridges with spans from 100 feet to 
150 feet. 

2) Eliminate most if not all of the 
punching, drilling, reaming, and 
counter-sinking of holes, thereby 
reducing fabricating time and expense. 

3) Give greater freedom to engi- 
neers andarchitects, makingit easier 
for them to meet service requirements 
and, at the same time, design 
structures that are pleasing archi- 
tecturally. 

4) Produce smoother’ surfaces 
which generally mean less corrosion, 
lower painting and maintenance costs. 

5) Reduce time for preparation of 
detail drawings, time for fabrication 
and time for erection because of 
lighter pieces and simpler details. 

6) Pass on the weight saving in the 
superstructure to the design of the 
substructure. This can be quite 
important at a site when the safe 
bearing value of the soil is low. 

One point should be clarified when 


-131- 


comparing welded and riveted plate 
girderunits. In the riveted design of 
moderate span bridges fewer girders 
with a floor system give greatest 
economy; whereas in the welded design 
for the same span and same service 
conditions, economy comes from 
increasing the number of girders and 
eliminating the floor system. This 
makes for simpler, lighter “pieces 
which are much easier to handle in the 
shop and much easier to transport and 
POLCL ECU. 

A recent amendment to our speci- 
fication, ‘Metal for Structures, '' and 
aforthcoming change in the American 
Welding Society Specifications has 
increased the possibilities for welded 
designinour bridge work. All of our 
welded highway bridges are now 
designed in accordance with the 
American Association of State High- 
way Officials in 1953 Standard 
Specitications for (Bridges, “which 
specifications inturnrefer to the 1947 
Specifications for the design of the 
weldedteatures of the structure. This 
current amendment says in part that 
Structural Steel designation ASTM A 
373 T shall be used in lieu of ASTM A 
7 steel in all main load-carrying 
members which are made up by 
welding plates or shapes together or 
which are connected or spliced by 
weldedconnections. Briefly, this new 
A 373 steel differs from the A 7 steel 
in, that’ it “specifies ‘the. “carbon, 
manganese, and silicon content for 
various thicknesses of plate in order 
to assure a fine-grained, weldable 
steel. It has beenfound that the fatigue 
strength and notch toughness of the 
weld as well as the weldability of the 
base metal are intimately related to 
the carbon and manganese content of 
the steel. The phosphorous and sulfur 
content and the tensile requirements 
are practically the same for both 
A 373 and A 7 steel. 

The forthcoming revision of the 
A.W.S. 1947 Specifications will apply 
toplates uptofour inches in thickness 
whereas the current specifications 
only go up to a two and one-half-inch 
thickness. This revision will not 
require mandatory furnace stress 
relieving for any thickness up to four 
inches and has only moderate preheat 
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and low hydrogen electrode require- 
ments. Whereas our designers have 
been limited to flange plate thick- 
nesses of from one and one-half to two 
inches, they maynow go up as high as 
four- inches, with ‘the proper pre- 
cautions, 

In discussing the design of welded 
bridge structures we Shall place major 
emphasis on welded I-beam units and 
welded plate girder units with some 
remarks on miscellaneous types of 
structures. We shall further” limit 
ourselves to the superstructure design 
of these (structures a7 Al tnougn esol. 
veryfine weldedarches, trusses, and 
rigidframes have been built through- 
out the world, our Highway Department 
sees fit to emphasize the continuous 
girder . bridge “ior Dts Pallowelucu 
construction. 

The continuous I-beam unit finds 
its greatest economy in spans ranging 
from 40 feet to 90 feet. When a 
preliminary layout study indicates 
that spans within this range are needed 
for a particular crossing, the con- 
tinuous welded I-beam unit will most 
likely be the best solution. The layout 
should be made with full consideration 
of the service requirements as well 
as the desirable span ratios for a 
weldedunit. The mostefficient use of 
metal will generally result when the 
interior spans are from two-tenths to 
three-tenths longer than the end spans, 
When. a tentative spanarrangement is 
selected, the actual structural design 
may be initiated. In abridged form 
the steps of this design procedure are 
given below. 

1) Based on roadway width and 
sidewalk, curb or median heights and 
widths, the beams are spaced to share 
more or less equally in carrying the 
slabdead load. The stringers should 
not be less than six nor more than ten 
feetapart. The slab design should be 
made for the girder spacing selected 
in order to determine the required 
thickness and weight of the slab. The 
dead load of the slab is distributed to 
the stringers and added tothe 
estimated weight of structural steel 
carried by each stringer to give the 
total dead-load weight per linear foot 
of stringer. 

2) The live load is made up of 


standard Hor HStrucks and equivalent 
lane loadings to give the effect ofa 
truck train. The class of highway 
determines the type of loading to be 
used onthe bridge. These loads are 
distributed to the stringers in 
accordance with the AASHO Specifi- 
cations. Both lane loads and truck 
loads should be considered. 

3) Any accepted) method for com- 
puting shears, moments, reactions 
may be used when investigating the 
beams under the action of the dead and 
live load. A constant moment of 
inertia may generally be assumed for 
calculating these functions without 
introducing seriouserrors. ‘Three of 
the more common methods are: 
a) Use of constant moment of inertia 
influence lines; b) Moment distribution 
procedure; and c) Three moment 
theoremanalysis. The live loadeffect 
at any point should be considered 
separately for both truck and lane 
loading and the one _ giving the 
maximum should be used. . The 
live-load stress should be increased 
by the appropriate impact percentage. 

4) The dead load, live load, and 
impact effects should be combined to 
give values for plotting a maximum 
combined moment diagram and to give 
values of maximum Shears at the 
supports. The shearing stress and 
web-crippling should be checked at the 
Support to determine whether or not 
stiffeners will be required. The 
maximum moment diagram is used to 
determine cover plate lengths and 
cut-off points and to aid in locating 
splices. Thesplicesare located near 
points of minimum moment to insure 
that the splice will never be very 
highly stressedand thus givea greater 
safety factor onthe welded connection. 
The splice is made with a double-vee 
butt joint in both the web and flanges 
with smooth notches cut from the webs 
at their juncture with the flanges to 
insure better flange welds. Run-off 
pads or extension bars should be used 
to secure full development of the 
flanges. 

5) The length of the beams for mill 
order should be limited to something 
under 60 feet wherever practicable, to 
avoidextracharges. Shop-fabricated 
lengths may be as greatas 75 feet, but 


preferably should not be over 60 feet. 


Good judgment should be exercised 
indetermining the number of shop and 
field splices and the number of pieces 
to.be.required, 

6) If heavy cover plating is used or 
if different weight beams of the same 
series are spliced together in lieu of 
cover plating, a new analysis taking 
into account the changes in moment 
of inertia may be necessary to compute 
more accurate values for the bending 
momentiay Ghisw..iom joenerally anor 
necessary, Since the addition of cover 
plates on most I-beam units will not 
change the bending moment values 
over .5 per cent from those found by 
assuming a constant moment of 
inertia. A check should be made on 
the live-load deflection of the spans 
to see that it does not exceed one-eight 
hundredth of the span length of any 
span, On infrequent occasions the 
live-load deflection will govern rather 
thanthe stress. Atsuchtimes, deeper 
or heavier beams will have to be used 
to satisfy the deflection require- 
Ment. 

7) The fixed and expansion condi- 
tions at bearings, along with the joint 
openings at the ends of the unit, should 
bedecidedon. Finger-type joints will 
be used where the maximum opening 
is two inches or greater and armor 
joints will be used where the maximum 
opening is smaller than this. Shoes 
should be welded to the bottom flange 
of the beam, preferably with down-hand 
fillets along the edges of the flanges. 
If cover plating prevents this, an 
overhead fillet across the flange on 
both sides of the shoe is permissible. 

8) The final feature of importance 
is the selection and location of 
diaphragms or cross bracing. They 
should be placed at the ends of the 
unit, at all construction joints and at 
or near the interior reactions. They 
should be spaceda maximum of fifteen 
to twenty feet apart. A construction 
joint arrangement should be selected 
to meet the above requirements, yet 
use a minimum number of diaphragms. 
The length between construction joints 
(construction joint diaphragms) should 
be made a maximum of about 40 feet. 
The function of diaphragms should be 
kept in mind in their design. Any 
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diaphragms at reactions should be 
able to transmit the lateral forces in 
the Slab or upper chord into the shoes, 
Inaddition, the end diaphragms as well 
as construction joint diaphragms 
should be able to support the discon- 
tinuous edge of a slab under live load. 
Construction joint diaphragms and 
x-bracing diaphragms serve to make 
the stringers act together in carrying 
live load. Also, these diaphragms 
give lateral support to the compres- 
sion or bottom flange of the beams 
near interior supports. The bottom 
struts and cross bracing of all 
diaphragms should be designed as 
compression members, with limiting 
l/r ratios, to carry the calculated 
stress under the functions described 
ahove. The welded end connections 
should be designed for the calculated 
stressin the member, but never less 
than 75 per cent of the effective 
strength of the member. Fatigue 
conditions are generally not present 
to a critical degree in our highway 
bridges. During’’*the life of” the 
structure there will be. very: ‘few 
repetitions of loading which would 
produce maximum stress in a welded 
connection either inthe main members 
or in the secondary members. 
Reversal of stresses in the welded- 
beam splices are small in magnitude. 
The allowable unit stress in a butt 
weldis the sameas prescribed for the 
base material except that for shear 
the normal allowable unit stress is 
13, 000 pounds per square inch. Butt 
welds are assumed to behave the same 
as the parent metal in all respects. 
Fillet welds, however, are designed 
for shear onthe effective throat of the 
weld. The allowable unit-shearing 
stress is equal to 69 per cent of the 
allowable stress of the base material 
intension(i.e., .69.x18, 000= 12, 420 
Ibe scene ori example, the 
allowable stress per linear inch for a 
normal 5/16-inch fillet weld may be 
computed as follows: effective throat = 
.707 x 5/16=.221 inch. Allowable 
stress = .221 inch x 12, 420 = 2, 750 
pounds per linear inch of 5/16-inch 
weld. <A sufficient length of weld 
should be provided to give the desired 
strength for the connection. 

The plate girder units built to date 
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might be termed overgrown I-beam 
units with onlya few major differences 
inthe design procedures for these two 
types of bridges. The girders are 
made up of thin web plates and 
constant-width flange plates which 
change in thickness to. meet the 
bending requirements. The girders 
are spaced in much the same way as 
explained for I-beams to avoid a floor 
system and give greatest economy. 
Considerable study should be given to 
the selection of the most economical 
depth girder, taking into account such 
factors as grade lines, required 
waterway openings and freeboard or 
clearances in overpass structures, 
weight saving in structural steel and 
aesthetics of the structure. Inconstant 
depth girders the depth should be from 
1/25 to 1/30 of the longest span length. 
Where longitudinal stiffeners are not 
used, the thickness of the web plate 
is required to be no less than 1/170 
times the depth of the beam. .The 
girder should be made as deep as 
possible for each 1/ 16-inch increment 
in web thickness (for example, a 
girder with 5/ 16-inch thick web should 
be made 52 to 53 inches deep for 
greater steel economy). The flange 
width should be made about 1/4 to 1/5 
the depth of the girder, witha minimum 
of about twelve inches to provide 
torsional and lateral stiffness to the 
girders during erection. The wider 
flange also increases the safety of 
walking onthe girdersin the air. The 
moments, shears, and_ reactions 
should be found by considering the 
actual moment of inertia of the 
sections used. Two analyses will 
generallybe necessary. Plate thick- 
nesses may be changed to satisfy 
bending requirements at any point the 
designer feels the metal saved will 
offset the costof a butt splice. Cover 
plating may also be used if felt to be 
cheaper than splicing. in a heavier 
plate. Inthe past we have used cover 
plates to avoid having a flange plate 
thickness over one and one-half 
inches. However, with the use of the 
submerged arc mechanical welding 
process as well as with the low 
hydrogenelectrode, we should be able 
touse heavier flange plates and avoid 
cover plating almost altogether. 


Heretofore we have specified a double 
fillet weld on the web-to-flange 
connection and as such it has been 
limited in size by both the web and the 
flange-plate thicknesses. With the 
submerged arc process we have been 
getting a full penetration, square butt 
weld inthis joint. Use of the submerged 
arc process will be specified on future 
plans as analternate tothe fillet welds 
where a thick flange plate (say two 
inches or greater) is to be welded toa 
thin web. 

A great deal can be done to avoid 
thick flange plates by deepening the 
girder over the interior supports. 
This causes a redistribution of the 
stresses along with a more efficient 
arrangement of metal to resist these 
stresses. The web may also be kept 
thin in the deepened section of girder 
by the addition of small longitudinal 
Stiteners. 

Because of the thin web, vertical 
stiffeners are needed throughout the 
length of the girder to avoid web 
buckling, These are _ placed in 
accordance with the specifications 
depending on the amount of shearing 
stress in the girder web at the point 
in question. These stiffeners are 
generally plates welded in pairs or 
singly on alternate sides of the web. 
For outside or facia girders these 
stiffeners are all placed on the inside 
Ofmthe icirder.> = ihey -should...be a 
minimum of four to six inches wide 
anda minimum of 5/16-inch thick and 
should be fitted tightly between the top 
and bottom flanges with the inside 
Corners eclipped tO, prevent sfouling 
the girder fillet. They should be welded 
to the compression flange of the girder 
and to the web of the girder with inter- 
mittent. fillet welds. Where a 
diaphragm frames intoa stiffener, the 
stiffener should have additional weld 
totransmit the diaphragm Stress into 
the girder web or flange. Bearing 
stiffeners are provided in pairs on 
opposite sides of the girder web at all 
bearings. They are milled to bear, 
top and bottom, made wide enough to 
extend near the edges of the girder 
flanges, and should provide an area 
sufficient to transmit 
reactionintothe shoe. This stiffener 
should be welded intermittently to the 


the entire 


web and to the compression flange (to 
both flanges at end bearings). 

The diaphragm functions and ar- 
rangementfor plate girders are about 
the same as for I-beam units except 
here diaphragms may connect to 
stiffeners rather than directly to the 
girder webs. This provides greater 
tolerance in erecting the unit. . In 
framing the diaphragms tothe girders, 
no welds should be made across the 
tension flange of the girder. Also 
overhead welding should be avoided, 
especially on the bottom strut. 

Another point of difference with the 
I-beam unit is the requirement of 
lateral bracing for the larger girder 
units. This bracing should be used 
where the spans are longer than about 
125 feet or where the depth of the 
girder is greater than about six feet. 
It may be used onshorter spans if high 
water or wind conditions warrant it. 
The lateral bracing may be either a 
compression system, a tension 
System, orboth. Thelaterals may be 
broken at girders and tied to the web 
near the bottom flange (or welded 
directly to the bottom flange in the 
compressive zone near _ interior 


supports). Shopsplices may be made 


in the flange plates and in the web 
plates as needed to utilize standard 
mill lengths of plate. As in I-beam 
units, the field splices are made at 
the same point along the girder in both 
the flanges andthe web (i.e., they are 
not staggered) and should be made near 
points of contraflexure in the girder. 
The ends of the girders are prepared 
for welding in much the Same manner 
as the I-beams with the web being 
notched at its juncture with the flanges. 
If the ideal splice location causes shop 
lengths of girder which are too long 
to be shipped, then splices may be 
Shifted to points of moderate bending 
stress and the splice made with high- 
tensile bolts. More will be said about 
this type of connection by the next 
speaker. It is difficult to place an 
absolute maximum on the fabricated 
length of girder section. We are at 
present considering the designeof.a 
girder which will have sections from 
120 to 130 feet in length. 

. Welding has been used on several 
othery types Hof) structures: by “our 
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Department. Repairs and strengthen- 
ing of existing trusses and beam spans 
have been used to extend the life and 
increase the inventory rating of many 
Of our™ bridges?) -The “arc“werding 
process has made _ salvage steel 
function more efficiently for us in 
severalways. Lugs have been welded 
tothe top flanges of salvage beams to 
make the slabact compositely with the 
beams in carrying load. Salvage beams 
have been strengthened in various 
ways to increase their load-carrying 
capacity. Use has been made of the 
expanded beam idea on several jobs. 
In this construction, the web of the 
beamis cut along a serrated line, the 
halves of the beam are spread apart 
and the teeth are welded together. 
Some slides will be shown on this 
type of construction. 

Composite action between the 
concrete Slab and the steel girders is 
used by many highway departments on 
both simple and continuous units. 
Various types of lugs are used to 
insure this interaction. Composite 
construction can be used to good 
advantage in the positive moment 
regions of long girders to reduce live 
load deflections. Otherwise, the added 
costs of the lugs just about offset the 
steel saved by using composite action. 

Welding is used on many of the 
minor features of bridge construction, 
such as shoes, railing, finger joints, 
armor joints, blast plates and others. 
In each instance where it has been used 
ithas brought economy and simplicity. 

Designers often disagree on the 
proper welded connection for a given 
condition. This is partly because they 
are hampered by working under 
specifications which were written for 
Simple spans, and for riveted con- 
struction, and partly because of lack 
of precedent in welded construction. 
In considering the aesthetics of a 
structure, we will find even greater 
room for disagreement but we should 
nonetheless mention some of the 
architectural features of the welded 
bridge. The appearance of the girders 
and substructures should be given 
special consideration on all over- 
passes, expressway structure and 
large structures subject to public 
view. Welding provides for clean 
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lines and light appearance of the 
superstructure. The accompanying 
railing, wing walls, and substructure 
should not be overly ornate or massive 
in keeping with the appearance with the 
girders. Drains should be placed to 
prevent their discharge from dis- 
coloring the outside girders where 
possible. No attempt should be made 
to hide the shoes or bearings. Much 
can be done with the railing and rail 
ends to add to the appearance of a 
bridge. 

Fromall of the foregoing remarks 
we Should not construe that welding is 
the cure for all bridge problems. We 
still feel that a great many of the 
larger “structures: such aS "russes, 
steel arches, and some _ long-span 
girders can best be built by riveted 
construction. Welding loses much of 
its advantage when field splices have 
to be made at points where severe 
reversal of stress occurs under 
passage of live load. Welding involves 
more humanerror thanriveting. Even 
with qualified welders and intelligent 
inspection, faulty welds will some- 
times be made. Field welds should 
not be made in high wind, in rainy 
weather, or inextremely cold weather. 
Perhaps in the future a shop-welded 
and field-riveted girder would give us 
an economical structure with the 
greatest over-all safety factor. 

The designer must weigh the worth 
of his structure as seen through the 
eyes of all interested’ parties. He 
must first consider the adequacy of 
the structure andits over-all economy. 
He must take the fabricator's view 
and see that it can be assembled 
rapidly and adequately in the shop. 
He must also consider the transport- 
ing of the various pieces from the 
shop to the field: He must*further 
look at the structure from the erector's 
standpoint to see that the erection 
procedure is feasible and safe. He 
Should also see the welder's view by 
making all welded connections 
accessible and by not calling for weld 
unless it is needed. The designer 
Should finally view his structure as the 
ordinary citizen-taxpayer, whose use 
of a structure and opinions about it 
determine whether it meets the tests 
of service and beauty. 
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} gave Bridge Division of the Texas Highway % which high-tensile bolts are used in 
yaxex Department is preparing plans are of @ place of rivets. First, I would like 
the welded type. Welded fabrication g to present a brief background on the 
=ieect has progressed to such a degree that # development of high-tensile bolts and 


both shop and field welding is the most 
economical type of fabrication for 
many ofour structures. However, on 
some types of bridges, particularly 
long-span plate girder units and truss 
Spans, we design for riveted splices 
and connections for both shop fabrica- 
tion and field erection. On certain 
units which are presently in the de- 
sign stage itis anticipated that we will 
require plate girders to be built up by 
welding the plates together in the shop 
but field splices and connections will 
be designed for riveting. 

The purpose of this paper is to 
acquaint you with latest developments 
both within the Highway Department 


bolted connections followed by a des- 
cription of several Texas Highway 
Department bridges presently under 
contract which are being field bolted; 
also, a brief account of other struc- 
tural engineering work outside of the 
bridge field in which high-tensile bolts 
are being used. Quite naturally, the 
economics are of utmost interest in 
this new type of fastener. I have a 
few costfigures to present, but I'm in 
hopes that we can get some additional 
information from engineers here at the 
Short Course who have had experience 
in this work. Therefore, I would 
appreciate any questions which you 
have -- we will try to answer them-- 
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this paper. 

The use of bolts as a means of 
permanently connecting together the 
various members ofa structural steel 
frameworkisnot new. It has been an 
aOCeDLeO VOracrice Will. Certain ire- 
strictions on unit working stresses 
and areas of application ever since 
structural members wererolled. The 
bolts ordinarily used in such connec- 
tions are termed unfinished bolts. 
Common practice over the years has 
shown it to be economical to use un- 
finished bolts in loose-fit holes, but 
this type of bolt cannot be tightened 
sufficiently to eliminate the possibility 
of slipping under working shear loads. 
As a result, its use is confined to 
secondary connections where slip is 
unimportant. Elsewhere, rivets are 
specified in order to securea better fit. 
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Another type of bolt frequently used 
in structural steel work, where 
clearances or limited quantities make 
rivets impractical or noneconomical, 
is the turned bolt. Specifications 
require that these bolts be installed 
in drilled or reamed holes with a close 
fit of 1/50 inch. 

Still another type that has been used 
in limited quantities is the so-called 
rivet bolt with fluted or ribbed shanks; 
when properly installed with a driving 
fit, this type behaves much as do 
riveis. 

Ascontrastedtothe above, the use 
of high-strength bolts as a fastener in 
structural steel construction is quite 
new. Indeed, their use in such 
connections can almost be termed 
revolutionary, for they have been 
accepted by both structural and bridge 
engineers as a fastener suitable not 
only for static loads, but also for all 
ranges of dynamic loads. This idea, 
however, and its effects, did not 
emerge at one time, but only through 
a process of development and contri- 
bution by many engineers. Possibly 
the germ of this idea lay inthe practice 
of certain fabricators a good many 


years ago of using high-strength bolts 
as fitting-up bolts. This provided 
sufficient clamping power to pull up 
heavy plates preparatory to riveting. 
The principle of this connectionis also 
new. Loose-fit holes are retained for 
economy inassembling, the bolts being 
installedinholes 1/16 inch larger than 
their nominal shank diameter. The 
nuts are driven up with power 
wrenches producing very high tension 
in the bolts and providing more 
clamping force than is possible with 
rivets. This tensionis depended upon 
to resist shear load through friction 
at the joint's faying surfaces and at 
working loads slip is not possible in 
view of the high friction produced 
between the joined members. Under 
normal conditions the connected 
material does not come into bearing 
on the bolts. The bolts are made of 
carbon steel heat-treated for strength, 
and a hardened washer is placed under 
both the head and nut to permit the 
development of the high torque 
required without scoring the connected 
material. 


a 


With this as an introduction to the 
subject of bolted joints I would like 
now to give you a brief bibliography 
on the research which has gone for- 
ward in this subject. Many people 
feelthatfor a long time the construc- 
tion industry has needed a faster and 
better way to fasten connections -- 
some believe that the high-tensile bolt 
istheanswer. Practices inthe design 
of riveted and bolted joints have been 
developed largely from experience and 
' have not always been supported by 
conclusive experimental data. With 
this fact in mind, twelve sponsoring 
organizations instituted the Research 
Council on Riveted and Bolted Struc- 
tural Joints in January, 1947. The 
specific object. of the Council is to 
determine the strength and action of 
joints, andto promote safer and more 
economicaldesign. Important among 
the projects of the Research Council 
is the study of high-strength bolts in 
structural joints. Our work in this 
field today is based on results of 
investigations and recommendations 
of this Research -Council. It is 
expected that the Council's work will 
result in the promulgation of more 
economical and more” ~efficient 
practices. There were laboratory 
tests on high-strength bolts prior to 
the formation of the Research Council. 
The results of this work and of various 
projects under the Research Council's 
activities indicate that ''the fatigue 
strength of high-strength bolts, 
appreciably smaller than the holes in 
the plates, was as great as that of 
well-driven rivets if the nuts were 
screwed up to give a‘high tension in 
the bolts.'' In a paper published in 
May, 1954, summarizing the results 
ofanumber of static and fatigue tests 
conductedat the University of Illinois 
onstructural joints using high-tensile 
bolts test data indicate that these 
joints are generally superior to 
Similar riveted joints whether 
subjected to static or fatigue-type 
loadings. The fatigue strength of 
high-tensile bolts is probablythe most 
important question considered in 
tests. Results indicate that joints 
withstand in many instances 2, 000, 000 
to 3, 000, 000 cycles of load application 
withoutfailure. Even then the fatigue 


strengthfor failure is +20, 000 p.s.i. 

for) the, -nighers “bolt. watensions. 

Contrasted to these results similar 
tests made on riveted joints indicate 
that when subjected to a stress of 
+ 18,000 p.s.i. joints failed between 
578,000 cycles and 713,000 cycles. 

This is equivalent to a _ fatigue 
strength at2,000, 00U “icyclesm or 
approximately +16,000 p.s.i. This 
indicates that the bolted joints are 
about 25 per cent stronger in fatigue 
than similar riveted joints. Inno case 
during these tests was there a fatigue 
failure of the high-tensile bolts in the 
joints providing there was no slippage 
of the joints during the application of 
load. It is of interest to note that in 
one series of tests, joints in which bolts 
were tightened to 320 foot pounds as 
recommended by the Research Council 
and tested at zero to 21,500 p.s.i. 
range of stress no failure occurred 
evenafter 12,275,000 cycles of loading. 
Static tension tests of various types 
of joints indicate that joints with 
hot-drivenrivets and those with bolts 
resist the load by friction between the 
plates until the friction is overcome. 
The fasteners come into bearing. 
Investigations by the Research Council 
indicate that rivets, both hot- and cold- 
driven, donot completely fillthe holes 
instructural members, but provide a 
certain amount of clamping force 
between the rivet heads so that the 
loadis transferred from one member 
tothe other byfriction. The clamping 
force produced by hot-driven rivets 
results principally from the cooling 
and consequent shrinkage of the rivets, 
and varies with the grip, becoming 
greater as the grip of the rivet 
increases. Greater clamping force 
can be developed by the use of high- 
strength bolts. 

Usually structural plates fastened 
with rivets will fail on a net section 
through the first line of rivet holes but 
it is not unusual for the plates ofa 
bolted joint to fail through the gross 
section ona line near the edge of the 
washers. This indicates that the 
clamping action of the bolts has re- 
duced or eliminated the high concen- 
tration of stress around the holes. 

For additional test results I refer 
to A.S.C.E. Proceedings published 
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as Separates Number 440, 441, 469, 
and 470. Some of the test results 
which I have given you above were 
taken from these publications. 

Inorder to answer one of the most 
important questions concerning 
high-tensile bolts, the Association of 
American Railroads replaced rivets 
with high-tensile bolts in bridge mem- 
bers onseveral railroads to determine 
if the bolts wouldretaintheir clamping 
force under dynamic load conditions. 
Where it had been necessary to replace 
rivets~ In imany instances Weare, 
high-strength bolts after six years 
retain their full clamping force without 
maintenance. Rivets were replaced 
by bolts in several floor-beam hanger 
connections of riveted trusses where 
the temperature falls to minus 40°F. 
These bolts after two winters have 
proven satisfactory. 

ine reliability (OL, theesteuctiurar 
joints fastened by high-strength bolts 
has been demonstrated by the labora- 
tory and by field test. All designs 
prepared by the Bridge Division of 
splices and connections of bridge 
members are based onthe use of rivets 
or welding. Atthecontractor's option 
high-strength bolts of the same nom- 
inal diameter as the rivet may be 
substituted, one high-strength bolt for 
onerivet. These bolts must conform 
to ASTM Specification A-325. “As 
described above, these bolts are 
regular semifinished hexagon head; 
the nuts, heavy hexagon semifinished; 
and the washers, heavy, plain (car- 
burized). The bolt heads are marked 
to denote high strength; the washers 
are hardened to prevent the bolt from 
cutting into the softer structural steel; 
and the nuts are made reversible. 


Beveled washers are made square for 


easy recognition. 

Whenever Size and length of bolt 
permits, full-size bolt-tension tests 
should be made and in this case the 
proof load shall be determined. 
Whenever full-size tests cannot be 
made, the yield strength instead of 
the proof load shall be determined. 
There is a test procedure outlined in 
the ASTM to determine the proof load. 
The length of the bolt after being 
loaded to the required proof load must 
not exceed that before loading by more 
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than 0.0005 inch. It is intended that 
no permanent elongation is desired 
andthe limit of 0.0005 inch is used to 
include measuring errors. Proof load 
maybe determined on a full-size bolt 
using an autographic load elongation 
method. When this method is used, 
the minimum value at 0.2 per cent 
offset of the six-thread gage length 
shall be 93,000 p.s.i. for sizes 
one-fourthto one-half inch, inclusive; 
88,000p.s.i. for sizes nine-sixteenth 
to three-fourths inch, inclusive; 81,000 
p.s.i. for sizes seven-eighths inch 
and one inch; and 74,000 p.s.i. for 
sizes one and one-eighth inch to one 
and one-half inch, inclusive. 

Yield Strength (Turned Specimen): 
When determination or yield streng 
is required (when proof load cannot 
be determined on the full-size bolt) 
a standard 0,505-inch test bar shall 
be turned and tested using either an 
extensometer or autographic stress- 
strainmethod. The yield strength by 
the extensometer method shall be the 
stress at whicha permanent set in the 
gage Jength of 0.2 per cent occurs. 
The yield strength by the autographic 
method shall be the stress at 0.2 per 
cent offset. 

The ultimate load of high-strength 
bolts shall tonform to the following: 

125,000 p.s.i.. for sizes one-half 

inch and under. 

120, 000 p.s.i. for sizes nine-six- 

teenth inch to one inch inclusive. 

105, 000 p.s.i. for sizes one and 

one-eighth inchto one and one-half 

inch inclusive. 

Specifications require that faying 
surfaces when bolted together shall be 
free of paint, lacquer, dirt, oil, loose 
scale, burrs, pits, and other defects 
that would prevent solid seating of the 
parts or would interfere with the 
development of friction between the 
parts. The high-tensile bolts are 
usually tightened in the field by a 
manual torque wrench or by a power 
wrench. The power wrench or air 
impact wrench produces fast, accu- 
rate, and economical work but must be 
properly calibrated to produce the 
correct tension in the bolt. The 
recommended bolt tension for calibra- 
ting wrenches for three-fourths-inch 
bolts is 29,000 pounds, for seven- 


eighths-inch bolts, 37,000 pounds. 
This is approximately 15 per cent in 
excess of the required minimum bolt 
tension. The required minimum bolt 
tension, which is 90 per cent of the 
minimum proof load (or elastic limit), 
is 25,600 pounds for three-fourths-inch 
bolts and 32,400 pounds for seven- 
eighths-inch bolts. The approximate 
equivalent torque for these required 
minimum bolt tensions is 320 foot- 
pounds for three-fourths inch bolts 
and 470 foot-pounds for seven-eighths 
inch bolts. Devices have been built 
for calibrating air impact wrenches. 
They are so constructed that when a 
bolt is inserted and tightened, two 
plates are pulled together, and the 
clamping force is measured by elec- 
tric resistance strain gages or by 
hydraulic pressure and converted to 
bolt-tension readings. since ithe 
specifications require that the bolts be 
tightened to at least 90 per cent of 
the elastic proof loadand the wrenches 
vary by, say15 percent, the wrenches 
are set somewhat higher thanthe exact 
tension required. To regulate the 
power of the wrench, a pressure 
regulator is put in the feed line and 
set to the pressure which gives the 
required tension on the bolt as deter- 
mined bythe calibration. The impact 
wrench exerts allof the force of which 
it is capable, and then stops. The 
impact wrench must be checked sev- 
eral times during the day. 

Inspection of bolts must be made 
after the tightening operation. Usually 
about 5 to 10 per cent are checked by 
a hand-operated torque wrench. The 
bolt is loosened and retightened so 
that when retorqued to its original 
position, the bolt has the torque re- 
quired by the specifications. Of 
course care must be taken to see that 
the manual torque wrench is properly 
calibrated. The torque is measured 
while the nut is in motion. If the 
retightening discloses a high frequen- 
cy of lower than specified torque in 
initial tightening of bolts, then the 
inspector should require retightening 
of all bolts in affected area. It is 
advisable for the inspectors to work 
close behind the bolt-tightening crews 
so that both can work together. 

On a recent Atomic Energy Com- 


mission project in Ohio, three process 
buildings requiring 79,000 tons of 
structuralsteelwere erected. Three 
companies erected the steel; one 
elected to use both high-tension bolts 
and rivets while the other two com- 
panies used high-strength bolts and 
machine bolts. It is estimated that a 
total of one and one-half million 
high-strength bolts were used in all. 
The average bolt-tightening crew of 
two men handled 350 to 450 bolts per 
shift while a riveting crew of four men 
averaged 175 rivets per shift and 
usually had about 15 per cent cut-outs, 
Inspection showed that less than 
one-half of 1 per cent of the bolts are 
off more than +10 per cent of the set 
torque values. According to the 


author who described this project in. 


the August, 1954, issue of Civil Engi- 
neering, the use of high-strength bolts 
speeded up the project. Riveters are 
usually in short supply, but bolting 
crews can be trained ina very short 
time. This new technique of bolting 
joints made possible the use of con- 
siderably more unskilled help than has 
ever been feasible before in steel 
erection. 

During the past year high-strength 
bolts have been substituted for rivets 
in an increasing number of commer- 
cial buildings. The 23-story Mile High 
Center Building erected in Denver is 
one of the nation's tallest buildings 
using bolted construction. Erection 
of the steel work was completed in 82 
working days and high-tensile bolts 
were used to fasten the structural 
joints throughout. 

In Portland, Oregon, a fourteen 
story University of Oregon General 
Hospital was erected using high- 
strength bolts. This was one of the 
first steel frames in which the 
designers actually took advantage of 
the greater efficiency of these bolts 
overrivets. The magazine, Building 
Engineer, in a description of this 
project gave the following cost data: 
The total installed cost per bolt came 
to21 cents lessthanthe cost of rivets, 
although the initial cost of each bolt 
is considerably greater — 30centsvs. 
7 cents, All high-strength bolts were 
three-fourths inch. The use of 
high-strength bolts saved 80 tons of 
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steel by developing up to 47 per cent 
of full continuity, thus adding useful 
rigidity to the structure and cutting 
the total weight by 7 per cent. Each 
two-story tier was assembled, lined 
up, andthe bolts tightened in only two 
days. Itwasreported that riveting or 
welding this portion would have taken 
a week. 

The Texas Highway Department has 
several large bridges under contract 
onwhich the contractors have elected 
to use high-strength bolts in place of 
field rivets. Two of these projects, 
the bridgeacross the west fork of the 
Trinity River’ on Loop 12 in- Dallas 
County and the bridge across the Red 
River on State Highway 37 in Red 
River County, “have just) been*bolted 
in the past few days. Erection of the 
main plate-girder steel across the 
Trinity River on State Highway 73 in 
Chambers County has notbegun. This 
willbe the largest plate girder erected 
on the Texas Highway Department 
System with high-strength bolts. 

The 340-foot continuous - deck 
plate-girder bridge across the west 
fork of the Trinity River has span 
leneths of 100'-140'-100l Weal as 
aaetwo- Sirder “System wither r100r 
beamsandstringers. There are four 
field splices on each of the two 
girders. Approximately 5, 400 
three-fourths inch high-strength bolts 
will be used on this bridge. Ina 
discussion with an erection foreman 
on “the job durine’ the Ttirst“day of 
bolting operations, I was advised that 
they anticipated tightening 500 bolts or 
more per day with a two-man crew. 
It was necessary for the two-man crew 
to place some of the bolts as well as 
tighten all bolts in the splices and 
connections. According to my timing, 
it took five to eight seconds to tighten 
a bolt once the wrench was placed on 
thenut. Splices were made with pins 
and high-strength bolts, effecting a 
great saving in not having to use 
different» erection bolts. “Later the 
splices were to be filled out with 
additional high-strength bolts. An- 
other saving was in the use of skilled 
iron workers at $2 per hour in place 
of riveters at $2.87 per hour. It was 
anticipated that even with the increase 
in cost of high-tensile bolts over 
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rivets, $1,100 would be saved on 
erection ofthe steel. Possibly we can 
learn more from the engineers here 
who have been working on this project. 

The 660-foot continuous deck plate 
girder across the Red River has span 
lengths of 150'-180'-180'-150": It is 
atwo-girder system with floor beams 
and strinpers: ~ There-arers ootren 
splices oneach girder. Approximately 
8,600 seven-eighths inch high-strength 
bolts willbe used on this bridge. The 
contractor on this job had all bolts 
placed ahead of the bolt-tightening 
crew, thereby speeding up the number 
of bolts tightened per day. Iunderstand 
that approximately 1, 800 bolts were 
tightened “Dy -ar-thrée=man-crew ane 
first day of bolting operations on this 
bridge. Here again it took only a few 
seconds to tighten each bolt. Appar- 
ently there were no Serious difficulties 
experienced inthe use of high-strength 
bolts on either of; these projects. As 
is customary on plate-girder spans, 
all shop and field splices were sub- 
punched or subdrilled and reamed full 
size while the connecting parts were 
assembled. It was necessary for the 
shop to omit paint on sections to be 
boltedtogether. Before bolting oper- 
ations inthe field, it was necessary to 
wire brush the surfaces to remove 
loose scale and rust. 

It is my opinion that high-strength 
bolts will become fairly universal in 
the next few years. With continued 
research, improvements in materials, 
and more realistic designs for 
high-strengthbolts, more people will 
understand the value of this type of 
fastener. An impact wrench which 
can be set to a predetermined shutoff 
to give the required bolt tension is 
being developed. This wrench will 
greatly benefit erectors by speeding 
up work and reducing the amount of 
checking’ required. A reduction in 
price of bolts through more production 
will make high-strength bolting more 
economical. There are other advan- 
tages and some disadvantages in the 
use of high-strength bolts. However, 
only after more use can the Texas 
Highway Department actually evaluate 
the benefits to be derived and the 
economy inuse of this type of fastener 
on highway bridges. 
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ne thing about joints in con- 
crete pavement is clear. We 
have not found the Utopia. It 
also is.clear that a concrete 


Yj 7 slab will either be constructed 


As might be expected, more success has 
been achieved with some joints than others. 
Perhaps the most satisfactory joint is the 
longitudinal center joint. The first concrete 
pavements in Texas were constructed without 
a longitudinal center joint. These pavements 
developed a longitudinal crack which usually 
was found in the middle one-third of the 
pavement. To control this crack, a center 
joint with tie barswas designed. This design 
provides fora crack formed by one of several 
optional methods with tie bars to hold the 
crack together. The design permits the two 
halves of the pavement to act asa hinge. 
It also reduces warping stresses that would 
be objectionable without such a joint. 

An analysis of the tie barsas used in Texas 
(one-half inch round bars on 30-inch centers) 
indicates the joint is not too rigid. Using 
usual analytical methods, we find a ten-inch 
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lamprork . 
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A closer spacing of tie bars has been tried 
and from observation of the results it was 
concluded that the joint was too rigid. If 
the joint is too rigid longitudinal cracks 
tend to form outside of the tie bars. Witha 
greater spacing of tie bars the crack follows 
the center line of the pavement reasonably 
well. Ibelieve the present Texas design for 
longitudinal center joints is satisfactory and 
that most of the failures can be traced to 
causes other than design of the joint. 

Specifications require concrete pavement 
to be placed when the temperature is at 
least 35°F and rising. If we assume the 
temperature at the time of hardening is 50°F 
and that later the temperature of the slab 
increases to 130°F, we can calculate the 
compressive stresses that would result if the 
slab cannot expand. Stress equals 80 times 
the coefficient of expansion times the 
modulus of elasticity. The calculated stress 
for gravel concrete amounts to 1,760 pounds 
per square inch. This value probably is too 
high for the following reasons. Much of the 
pavement would be cast at a temperature 
higher than 50°F. Concrete shrinks upon 
hardening. If the slab length is not too 
long, a slight space is available after 
hardening for some expansion. The tempera- 
ture increases slowly from winter to summer 
and plastic flow probably relieves stresses 
tosome extent. Moisture in the slab is at a 


maximum when the concrete hardens and a 
minimum during periods of maximum 
temperature. Actual observations indicate 
a stress of about 1,000 pounds per square 
inch under conditions where the pavement 
is not allowed to expand. 

It appears that expansion joints may be 
omitted in concrete pavements constructed 
of sound aggregates (nonexpansive aggre- 
gates) if the following requirements are met: 

1. Relatively short slabs are used. 

2. Joints are not infiltrated. 

3. Compressive strength of concrete is at 
least 3,500 pounds per square inch. 

Short slabs permit the concrete to shrink 
during hardening without forming shrinkage 
cracks. If joints and cracks are infiltrated 
with incompressible material, the effect is 
the same as increasing the slab length without 
increasing the space available for the slab, 
and results in higher compressive stresses. 
A concrete whose compressive strength is 
3,500 pounds per square inch allows a 
generous safety factor and permits unlimited 
repetitions of stress without fatigue. 

A complete discussion of contraction 
joints involves the design of concrete pave- 
ment and this subject cannot be presented 
in the time available. We can, however, 
list some of the variables that are involved 
in the design of concrete pavements. They 
are wheel load, temperature and resulting 
warping, compressive: and tensile stresses, 
modulus of elasticity, Poisson's ratio, type 
of subgrade, impact, fatigue of concrete, 
radius of area of load contact, coefficient 
of friction between subgrade and pavement, 
strength and quality of concrete, moisture 
content of concrete, and reinforcing steel. 
The interrelationship of these variables 
presents a very complicated problem and 
shouldbe carefully studied before designing 
contraction joints. 

A list of the desirable qualities of contrac- 
tion joints may be helpful in selecting their 
design and spacing. It is believed that 
contraction joints should: 

1. Open and close without stressing the’ 
pavement. 

2. Provide load transfer at all times. 

3. Be free from the harmful effects of 


corrosion. 

4. Prevent infiltration. 

5. Be economical and easily installed. 

If warping stresses are to be relieved 
contraction joints or warping joints must be 
provided at relative short intervals. It also 
would be desirable to space contraction 
joints at such intervals that slab movements 
are small. If the slab movement is very 
small the opening cannot be easily infiltrated 
with water and the slabs can be made to 
transfer load by interlocking the slab ends. 

A study of restrained temperature warping 
stresses for nine- and ten-inch slabs was made 
by Mr. H. G. Bossey when he was Assistant 
Engineer of Road Design. This study indicated 
that restrained temperature warping stresses 
buildup gradually as the slab length increases 
from five to forty feet, then they remain 
constant. A five-foot slab has very small or 
no stresses. The maximum stresses are 
reachedwhen the slab is 20 to 40 feet long, 
depending on the subgrade. Maximum 
stresses are reached on the best subgrades 
when the slab length is 20 to 22 feet. 
Maximum stresses are reached on the poor 
subgrades when the slab length is 25 to 40 
feet. A ten-inch slab on a subgrade whose 
"'k" value is 50 reaches a state of maximum 
stress when the slab length is approximately 
AO feet. 

Under favorable conditions the magnitude 
of the warping stress may be in the order of 
one-half the stress produced by present wheel 
loads. If by design we can reduce this 
stress, the effort will be worth while. From 
a practical standpointa slab length of twelve 
feetappears to be about the minimum which 
should be considered. The usual pavement 
is 24 feet wide and has a longitudinal center 
joint. If a twelve-foot slab length is used, 
then the effective width of the slab equals 
the length. Agood argument could be made 
for a slab of this length. However, the 
closer we space the contraction joints the 
more we increase the cost. The spacing of 
axles onheavily loaded vehicles is such that 
two heavily loaded axles could not rest on 
a fifteen-foot slab at the same time. 
Shortening a slab from 40 feet to 15 feet 
would reduce the 


maximum restrained 
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temperature warping stresses of a ten-inch- 
thick pavement 60 per cent. A fifteen-foot 
slab would not require reinforcing steel to 
help the slab adjust itself on the subgrade 
during periods of temperature reduction. 
Using usual methods for analyzing and 
calculating the stress caused by temperature 
reduction, we find that only twelve pounds 
per square inch stress is required to adjust 
a slab fifteen feet long during temperature 
reductions. 

Inthe early thirties, Mr. E. C. Woodward 
madea crack and joint survey on pavements 
constructed in the Waco area. The surveys 
were started as soon as possible after a job 
was finishedandarecord of cracks was kept. 
The pavement design provided for six-inch 
thickened edge slabs from 40 to 120 feet long. 
Ibelieve the results of that survey were never 
published; however, during the progress of 
the survey it appeared that cracks occurred 
at a distance of twelve to fifteen feet from 
the slab ends very soon after the jobs were 
completed. 

On some recent projects in Texas where 
the pavement design provided for contraction 
joints at fifteen-foot centers, alternate 
joints were omitted for as much as 150 feet 
to find out what a 30-foot slab length would 
do. In those cases.| have observed a trans- 
verse crack has formed in the 30-foot slab 
within a year or two after the completion 
of the work. 

In June 1951 the first fifteen-foot 
corrugated contraction joint pavement in 
Texas was opened to traffic. Since that 
timea number of jobs using this design have 
been completed. | have not been able to 
examine these jobsas closely as | would like 
to, but as yet, | have not seen a transverse 
crack ina fifteen-foot slab. 

The fifteen-foot corrugated contraction 
joint design does not provide for sealed 
joints. Several attempts have been made to 
finda way to seal the small crack but so far 
no entirely satisfactory method has been 
found. Bids will be received in September 
for a job in the Fort Worth District that 
provides for constructing a groove in the 
plastic concrete and filling the groove with 
a seal. 
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It has not been proved that a seal is 
necessary where the corrugated contraction 
joint designisused. The opening is so small 
and circuitous that water will not readily 
travel through the joint. Furthermore, until 
the edges and shoulders are sealed, the 
joints -- if sealed -- would not stop water 
from getting under the slab. A seal would 
prevent infiltration of dirtand foreign matter 
that could cause spalling and possibly 
blowups. 

On recent projects where fifteen-foot 
contraction joints were used the joint has 
been formed with a metal form vibrated into 
and left in the pavement. Corrugations in 
the form provide alternate tongues and 
grooves that interlock to provide load 
transfer and prevent faulting. The metal form 
insures that no tensile stress will be trans- 
ferred across the joint during the hardening 
of the concrete and provides positive crack 
control. 

Another type of contraction joint has been 
used. This joint is formed by grooving the 
concrete to approximately one-third its 
depth while the concrete is plastic. The 
cost of this type joint is less than the cost of 
the joint formed with a metal form, but it 
has several objectionable features. There is 
a possibility that the plastic concrete will 
flow together after grooving so that a true 
weakened plane is not formed and no crack 
forms or if it does form it may not follow the 
groove. Load transfer depends on aggregate 
interlock which, after a few cycles of 
expansion and contraction, may break down. 
The crack does not form until the pavement 
is stressed to about one-half its total 
strength away from the groove, thus per- 
mitting tensile stresses to be transferred 
across the joint during hardening. 

It is still too early to form definite 
conclusions on the fifteen-foot contraction 
design for concrete pavement. Unfortunately 
it takes ten to fifteen years to prove a 
design. By that time the changed conditions 
make an evaluation difficult. In conclusion, 
| recommend that the engineers inthe field 
report their observations of the behavior of 
the design. If this is done it will contribute 
a great deal to the improvement of design. 


There are many miles of old 
pavements in Texas twenty to thirty 
years old that have value and useful- 
ness and can be continued in use for 
many years if they are properly re- 
surfaced, There are three principal 
reasons for resurfacing; (1) to correct 
roughness, (2) to increase load carry- 
ing capacity, and (3) to correct grade 
line or widen, or a combination of all 
three reasons for doing the project. 

Resurfacing old pavements with 
portland cement concrete is now 
recognized and accepted by many 
states, cities, counties, andthe U. S. 
Bureau of Public Roads as a highly 


George M. Garrett 
Special Highway Engineer 

Portland Cement Association 
Fort Worth, Texas 


satisfactory and economical means of 
lengthening the useful life ot old pave- 
ments. The amount of patching that 
can be done economically is normally 
dependent on local conditions; but as a 
general rule when the area to patch 
amounts to two per cent to three per 
cent of the total area, then resurfacing 
is the logical answer. Also, if a thin 
pavement has been giving satisfactory 
service but there is an increasing 
traffic volume and increasing traffic 
load, serious consideration should be 
given to strengthening the thin pave- 
ment by resurfacing with portland 
cement concrete. 

There are many miles of old 9-6-9 
inch or 8-6-8 inch concrete pavements 
that have been giving satisfactory 
service for the last fifteen to twenty 
But who could forsee the 
tremendous weight of commodity 
trucks that would be placed on our 
highways during World War II and in 
the period of industrial expansion after 
the war. These™heavy loads have 
caused miles of these underdesigned 
pavements to begin to show distress. 
Now is the time to reinforce and in- 
crease the life of these old pavements 
by resurfacing with concrete paving. 
The postponement of resurfacing may 
result in having to construct a thicker 


five years. 


resurfacing than if it is done before 
the pavement shows too much distress. 

Some of our Texas highway engi- 
neers recognized this years ago and 
you can find projects of resurfacing 
with concrete pavement that are eigh- 
teen to twenty years of age on some of 
the state highways. In 1936 a four- 
inch concrete resurfacing project was 
constructed on Ul S. 69 
Texas, 


in Center, 
This concrete resurfacing is 
In T945 there 
was constructed a concrete resurfac- 
ing project on U. S. 82 west-of Paris, 
Texas. This was also a widening pro- 
This pavement is in excellent 
condition at this time. 
In this paper, we 


still in good condition. 


ECT. 
will discuss 
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briefly the use of four-inch thick or 
thicker concrete as a resurfacing for 
Dien 
time, we will discuss a recent projece 


an old pavement. if we have 


in which  one-half-inch —to-~ two-incu 


concrete resurfacing was used. 


RESURFACING WITHOUT WIDEN- 


ING: ? The should be 
cleaned of bituminous materials. In 


old pavement 


general only those patches that might 
shift or decay after the resurfacing is 
placed should be removed. 

If the old pavement has adequate 
width, the resurfacing neeédsyto be 
only the width of the old pavement. 
However, most of the old pavements 
that need resurfacing also need to be 
widened and this should be done inte- 
grally with the resurfacing. This de- 
sign avoids athinresurfacing thickness 
on the edge. Experience and observa- 
tion show that it is not necessary to 
place special -reinforcingsingine re- 
surfacing slab over the edge of the old 
pavement. 

If the resurfacing is to be placed 
over an old flexible type of pavement, 
the "k'' value of the old flexible pave- 
ment should be determined (see pages 
9 through] P27 otw Concer etemt avenicn: 
Design for Roads and Streets by the 
Portland Cement Association). Then 
proceed to design the concrete resur- 
facing the same as you would a regular 
concrete slab. (See pages 18 through 
28 and pages 34 through 40 of the same 
design book.) If the computed thick- 
ness is less than four inches, it is 
recommended that a minimum of four 
inches be used. The construction pro- 
cedure of concrete pavement on flex- 
ible surfacing is 
regular concrete pavement. 

It has been the practice to design 


the same as for 


the resurfacing course on concrete 
pavement on the theory that the 
strength of the two slabs is equal toa 
single slabthat has the thickness of the 
square root of the sum of the squares 
of the individual slabs. For example, 
if you have a six-inch slab with a five- 


ici, overlay or? restriacme, ate is 


theoretically equal to 


/64 45% = S61 = 


Orewa Sia. Ol te rominer thickness? “Or 
ii you desire to arrive at-the recom - 
mended thickness of a concrete re- 
course @the equation “1s ex - 


Cis mneghy 


surface 
pressed as 


d, = Jd,% - Cd.4 (Formula A) 


dn 
single 
wheel loads and placed directly on 
the subgrade; the working stress for 
the concrete to be equal to that of the 
resurfacing. 

de =the thickness of the resurfac- 


LuG= tntcKness =reqiuired ol a 
slab designed for prevailing 


ing 

d. =the thickness of the existing 
slab. 

C =coefficient of condition of the 


existing slab after all the repairs have 
been made. 

reat 0 ii the existing slab Vs "in 
good condition and all necessary re- 
pairs made. 

C =0.75 if the old pavement has 
inadequate joint design or has only 
initial joint or corner cracks. 

C = 0.35 if old pavementis crush- 
ed or badly cracked. 

The value of 'C' is entirely up to the 
judgment of the engineer. It is also 
ip P*to: ithe to decide the 
amount of expenditures that should be 


engineer 


made in repairs to increase the value 
of 'C'' -- this repair expenditure to be 
weighed against the cost of increasing 
the =othickness~ of the resurfacing 
The above formula should be 
used in all cases where there is a 


course, 
course of bituminous 
material and no widening is planned 
and where traffic will be using the 
edge of the resurface course. 

The placing of a granular or bitu- 


separating 


minous course between the old pave- 


ment and resurfacing should not be 


used. The cleaner the old pavement, 
the better. However, in most cases 
it would not be economical to remove 


old bituminous treatments. Neither is 
it necessary to make special or extra 
effort to secure bond between the old 
and the new concrete slabs. However, 
the old pavement should be cleaned 
and dampened prior to placing the re- 
surfacing course, It is advisable to 
always attempt to obtain the best bond 
possible. Investigations have revealed 
that in many cases the bond between 
the old pavement and the new concrete 
resurface course was _ sufficient to 
cause them to act as one slab of full 
thickness, 

RESURFACING AND. WIDENING: 
If the resurfacing is to be placed ona 
wide pavement or widening is to be 
done integrally with the resurfacing, a 


different formula should be used: 


alae = pdm ae ¢ * Gale (Formula B) 


Assuming the dy should be nine 
inches and the dg 1s six inches and the 
present pavement is twenty feet wide 
and it is desired towidenthe pavement 
to twenty-four feet and also strengthen 
by resurfacing with concrete pave- 
the above formula should be 
AssumesG = 1.0 


ment, 
used. 


d. = V7 91-87 _ 1 0x 6% =V¥61 — 36 


aJ/ 25 =5" 


Using Formula A 


di =V 819-36 4/45 = 6/7" 


or 6 °3/4"! 


This is a difference of 1 3/4 inches, 
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The 
because it 


reason for assuming C = 1.0 is 
is so simple to make all 
major repairs by removing old broken 
section full width and 
with full-depth concrete 
This would put the old 
pavement in top condition. It is rec- 
ommended that load transfer dowels 


and crushed 
replacing 


pavement. 


be provided between the old pavement 
and the new full depth pavement. 

CROWN: If it is desired to reduce 
the crown in the pavement, the mini- 
mum or calculated thickness should be 
used at the center otithesesuriacing. 
At the beginning and the end of the new 
resurfacing, it will probably be neces- 
Sary to remove some sections of the 
old pavement in order to match the 
grade and crown lines. 

JOINTING: No fixed .standard for 
jointing “Can be prescrined.. 1 he.de-— 
include both longitudinal 
and transverse joints, It is found that 
cracks will, occur in; the nesurtacings 
above joint or open cracks in the old 


sign should 


pavement. Theselore sip TOOVeCG Or 
sawed joints should be provided in the 
Concrete above all old 


joints or open cracks that “are in the 


resurfacing 


old pavement. If transverse joints are 
in the old pavement, 
should be made. to 
provide transverse joints at approxi- 
twelve-foot or fifteen-foot 


too’ far -apart 
some provision 
mately 
intervals and not over eighteen-foot 
spacing. Longitudinal 
should be provided above the longitu- 
dinal center joint.in the old pavement. 


center joints 


Joints in the resurfacing need not be 
of the same type as the joint in the old 
pavement. It is not necessary to pro- 
vide expansion joints every 60 feet or 
every 100 feet in the resurfacing even 
though the expansion joints are of:this 
Spacing in the old pavement. Expan- 
sion joints in the concrete resurfacing 
can usually be placed at long intervals 
or be omitted entirely except at inter- 
structures. Contraction 
joints can be placed directly over or 
within six inches of. the old expansion 


sections or 
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contraction joints, or wide - 
open transverse cracks: :that..extend 
across the pavement. When expansion 
joints are omitted in the resurfacing 
and contraction joints are provided at 


adequate load 


joints, 


fifteen-foot intervals, 
transfer can be expected by the inter- 
locking of the size coarse 
aggregate when a dummy or 
or load transfer 


normal 
sawed 
groove is provided, 
can be provided by the use of the 
corrugated contraction joint. 
Longitudinal hinged joints of sur- 
face dummy grooves with tie bars 
should be provided to divide the re- 
surfacing slab into lanes of not over 
thirteen feet in width. Should only one 
lane be constructed at a time, keyed 
joints could be provided at the edges 
to help’ provide load transfer to the 
adjacent slab. | re 
REINFEF-ORCING:, Plain eoncrete has 
proven- satisfactory for resurfac- 
ing where there has been no abnormal 
Where ..j.ab-= 
normal. cracking has developed, the 
use of. reinforcing-is desirable. When 
it should be\of 


small diameter to avoid the risk of 


breaking or cracking. 


reinforcing is used, 
the concrete cracking over the bars. 
Reinforcing should not extend across 
any transverse joints. 
CONSTRUCTION ;METHODS::..dIn 
general, . the. placing of. concrete ‘for 
resurfacing is the same as placing a 
new slab. However, there are certain 
items which require special attention. 
Water: Since the resurfacing is to 
go over old pavement,.there, will be-no 
absorption. of water. from the mix. 
For this reason, the mix should be de- 
signed with water. Where 
widening is to be made. integrally with 
the resurfacing, the subgrade for the 
widening should be thoroughly wetted 
to avoid undue absorption. of water 
from the mix. 


less 


On some projects, the 
placing of building or roofing paper on 
the subgrade is done to assure the 
Same absorption factor as .»might.be 
expected on the old pavement: ° 
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If the old =surfacesis taspe 
or widening is 


Forms: 
resurfaced full width, 
proposed, the placing of forms for the 
concrete resurfacing is simplified in 
that the form will be on the shoulders 
of the old road and pinning will be no 
problem. However, every care should 
be exercised to assure that the forms 
are so set that movement either hori- 
Let 
is necessary to set one line of forms 
on the old concrete pavement, an off- 
set line of holes for form pins should 
be drilled and then the forms set in 
place using offset brackets. The use 
of the offset brackets will allow for 
horizontal adjustment of theforms to 
get a straight line. 

Joints: As previously pointed out, 
it is not necessary to have the same 


zontal or vertical will not-occur. 


number of expansion joints in the re- 
surfacing as are in the old pavement. 
However, “ifsit’ is’ desired “to provide 
expansion joints over the old expansion 
joints, the wooden header, or filler, 
should be cut to the crown of the old 
Font tiller “thateds Care 
should be secure positive 
assurance that the joint filler is full 
depth, full thickness, and full width, 


and that there are no holes or cracks 


ine place. 
used to 


thate will permit the mortar toe flow 
through and ruin the effectiveness of 
the expansion joint. 
Contraction joints should be pro- 
vided at the twelve-foot to fifteen- 
foot 


intervals. If the pavement is 


being widened, the dummy groove for 
the contraction joint should be extend- 
ed full width of the widening for a 
minimum depth of one and one-half- 
inch. The groove should be a depth of 
at least one-inch on the resurfacing 
part of the pavement. If the corru- 
gated joint is being used for the con- 
traction joint, it will be satisfactory 
to extend the depth of joint 
across the widening as is used on the 
resurfacing. Every care should be 
exercised to keep the joint vertical 
and straight. If sawed joints are used 


Same 


ie , 


for the groove for the contraction 
joint, the sawing should be done as 
soon as possible and not at a time 


when the concrete is in maximum 
stress. 

Subgrade: The existing pavement 
should be thoroughly cleaned and 
wetted. Cleaning should be done to 


the extent as previously outlined. The 
wetting should be of sufficient amount 
to -assure ‘that, the old pavement? is 
cooled down to the temperature of the 
mix, or as near as possible to the mix 
This is to avoid quick 
contraction of the old 


temperature. 
expansion or 
pavement caused by placing the new 
concrete’ -on) it, “which "could ‘easily, 
cause the new surface to crack while 
it is still green and weak structurally. 

Mixing sand: Placing: “They anicang, 
placing; @?strike: (offi; dinishing, 
curing of! thesconcrete) resurtacmiois 
the same ior “regular conerete 
pavement. it@vshould, be 
well cured and not allowed to dry out 
and contract before it has developed 
in strength to resist tensile stresses, 


and 


as 
however, 


Resurfacing with concrete pave- 
ment is not new. It is an old and tried 
and tested construction procedure that 
has proven satisfactory over many 
years. Not enough thought is being 
given to this type of resurfacing at 
the present time.4. Thisais7agiypema™ 
construction that can 
the additional 
width needed by present old pavements 


economically 
provide strength and 
to. adequately ‘carry, the Mlarver sand 
heavier loads of today's traffic. in 
addition to its desirable load-carrying 
characteristics, it is tops in providing 
smoothness and unexcelled visability. 

Resurfacing with 
ment is 


concrete pave- 
adaptable to old concrete 
pavements, old flexible-type base with 
bituminous surface (providing the base 
is of good quality material), and old 
brick pavements. Its use will add 
years’ tothe life.of present roads: that 
are now overloaded. Let's look into 
its possibilities. 
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Ted L. Edwards, Paving Engineer 
Portland Cement Association 
Austin, Texas 


: My assigned subject is, to me, a timely 
and significant topic for our discussion today. 
: We are all aware of the fact that new 
developmentsare the outgrowth of new ideas 
that are carefully nurtured to complete 
fruition by menof vision and ingenuity. We 
have only to look around us to realize the 
marvelous developments that ‘have been 
accomplished in many fields just in the past 
few years. Television, color television, jet 
airplanes, and many others. But let's look 
closely at the field of concrete pavement 
construction. Most of us are very familiar 
: with the concrete paving train as we know 
it today, and with the exception of some 
refinements, it isessentially the same paving 
train of equipment we used in the late 
| twenties. Of course, it is true we have 
| improved the equipment and enlarged it too. 
| It is much more efficient today than it was 
| 25 years ago, but that is not what | mean. 
I'm talking about new ideas -- new methods 
| that will accomplish equal or better results 
more efficiently and more economically. 

Let's Took back over those 25 years. 
Many of us have been building pavements 
that long. What progress have we made in 
construction procedures in that period ? What 
new methods have been introduced to 
increase efficiency and reduce initial con- 
struction costs? Equipment refinements -- 
yes -- but maybe we have added piecemeal 
refinements just to keep from doing some 
serious thinking about new developments. 
We are all aware that concrete pavement 
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possesses outstanding qualities of durability, 
safety, low maintenance, and low annual 
cost that are extremely desirable. Clearly 
then, if these qualities can be preserved 
with greater economy of construction, we 
have made progress. 

A new development is in the making. It 
isa new type of concrete paving and finishing 
machine now being referred to as a traveling 
form paver. Some of you may be familiar 
with some work that was done in lowa in 
1949 witha machine developed by James W. 
Johnson. This machine was purchased by 
Blaw- Knox for further development. In 1953, 
a similar machine was constructed by General 
Paving Company of Champaign, Illinois, for 
some work in that state. Both of these 
machines constructed lane-at-a-time or 
half-width pavements. 

Another pavement was constructed in 1953 
in Illinois with a traveling form paver 
developed by the Regenhardt Construction 
Company of Cape Girardeau, Missouri. This 
machine was built to construct full-width 
pavement 24 feet wide and 9-inch uniform 
depth. 

Since that project, another contractor, 
Quad City Construction Company of Rock 
Island-Moline, Illinois, has constructed 
another machine much lighter and reportedly 
much more economical and efficient. | 
observed this machine in operation on U.S. 
150 near Bloomington, Illinois. Incidentally, 
while Iwas there, | learned that yet another 
machine was under construction by Arcole 
Midwest Corporation of Chicago. This last 
machine will begin operations on a highway 
project near Chicago about the middle of 
September. Actually contracts have already 
been awarded and it is entirely possible that 
the Regenhardt, the Quad City, and the 
Arcole machines will all be working on 
highway projectsin Hlinoisat the same time. 

In the course of my observation of the 
Quad City machine near Bloomington, | 
took a few pictures including some movies 
that | would like to show you. It is nota 
long movie, | promise you that, for after 
all, the machine is only 26 feet wide and 
39 feet over-all in lengthand you can't make 
avery long movie from such a short subject. 


You will note that Arcole Midwest Corpora- 
tion is the contractor. The Quad City machine 
is being rented for this project. Arcole's 
new machine was not yet available. 

Before we start the film, I'd like to give 
you some facts | learned about the machine 
and this particular job. 

1. The concrete slab is 24 feet wide and 
9-inch uniform depth. 

2. The concrete slump range is two and 
one-half inches to three and one-half inches 
with about 4 per cent entrained air. 

3. The entire crew for mixing, placing, 
and finishing consists of one mixer foreman, 
one mixer operator, one finishing machine 
operator, two finishers, and four common 
laborers. Nine men are all that are needed 
for the complete operation. A mechanical 
spreader would eliminate the two laborers 
doing the puddling in front of the strike-off 
screed. 

4. The machine is constructed in sections 
with flexible connections for ease of 
maneuverability on horizontal or vertical 
curves. Inthe movie, only two sections are 
shown -- the mainunit and the straight edge 
of finishing unit. The unit containing the 
longitudinal float has been omitted because 
this happens to be a concrete base job and 
the tolerance is three-eighths inch in ten 
feet instead of the concrete pavement surface 
requirement of one-eighth inch in ten feet. 

5. Average production is 1,300 feet of 
pavement per day. 

6. One other thing that | think is very 
interesting. Iwas informed that this machine 
represents a total investment, by the 
contractor that built it, of $6,000. That 
almost floored me, but you take a look at 
it andsee what you think. 

(Movie shown here. ) 

Now lam confident that a number of you 
have questions inmind that you would like 
to have answered. Some | can probably 
answer, others |am sure | cannot, but will 
try. However, before we get into a round- 
table discussion, let me mention a few items. 

From the movie and from your experience, 
it is readily apparent that the subgrade 
preparation is a major factor in the riding 
quality of the final pavement finish. That 
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is entirely correct. As mentioned in the 
movie, that tractor drawn subgrader was to 
be replaced the following week with a self- 
powered unit similar in construction to the 
paver, but with positioning controls that 
would assure smooth, firm support for the 
paving machine. A number of equipment 
manufacturers now have precision subgraders 
that can easily be modified to the require- 
ments of the traveling form-paving machines. 

Another question may be "What about 
patents?" My answer is "I don't know." 
The Blaw- Knox Company bought the Johnson 
machine and | am told has applied for 
patents inthe United States and nine foreign 
countries. | believe that the Regenhardt 
firmhas applied for a patent. | do not know 
what action the General Paving Company, 
the Quad City Construction Company, or 
Arcole Midwest Corporation have taken. 
It appears they got the idea, used a little 
imagination, a lot of ingenuity and came 
out with a traveling form paver. Nor do | 
know kow many other machines may be in 
the development stage now, if any. 


This traveling form paver was constructed 
by the Quad City Construction Company of 


Rock Island, Illinois. The concrete slab is 
24 feet wide and nine-inch uniform depth. 


It is certain though that contractors and 
engineers alike are becoming more and more 
interested in this new type of machine. 

We all know that the cost of any pave- 
ment is determined primarily by four items: 
materials, labor, equipment charges, and 
overhead. 

Material costs are determined by current 
market conditions and transportation costs, 
so not much can be done to reduce them or 
the overhead charges either. So to effect 
any economy of construction we must look 
toa reduction in equipment and labor costs. 

The traveling form paver promises just 
such economies, at the same time providing 
high-quality, durable, low-maintenance, 
smooth-riding concrete pavements. To date, 
it has been reported that unit bid prices 
have been reduced from 10 per cent to 30 
per cent by its use. Further development 
will probably stabilize prices somewhere in 


this range -and there will be further 
development. Almost every day these 
machines operate, they have visiting 


engineers and contractors from all parts of 


The machine operator looks ahead 
at the prepared subgrade with no 
side forms. On this project the 
machine is steered to follow the 
alignment of the metal center 
joint. 
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Concrete is supplied by the conventional 
34-E Dual Drum Mixer and multiple batch 
trucks. 


Behind the burlap drag on the back side of 
the machine the slab presents a very nice 


appearance. 


the country. Some serious thinking is 
taking place -- anew development is in the 
making. 

To attain the greatest economy and 
efficiency of thistype machine, it is readily 
apparent that pavement specifications must 
be tailored to its use. The following 
requirements would simplify its operation 
and reduce costs, yet provide high-quality 
concrete pavements: 

1. Pavements should be constructed full 
width and of uniform thickness, without 
thickened edge. 

2. Expansion joints should be eliminated 
and all longitudinal and transverse con- 
traction joints should be sawed joints, 
dummy groove, or the Texas corrugated 
contraction joint. 

3. All steel should be eliminated except 
the deformed tie bars necessary for holding 
the slabs together across the longitudinal 
joint. 

4. Toprevent slumping or lateral spread- 
ing of the fresh concrete, it is essential to 
maintain the closest possible control of the 
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Looking down from the operator platform 
the strike-off is at the extreme right, then 
the vibrator, next the oscillating screed, 
and the concrete surface ready for the scrap- 
ing straight edge. 


slump and to keep subgrade from being too 
wet or too dry. 

5. Concrete should contain between 3 
and 6 per cent of entrained air to increase 
its cohesiveness, reduce bleeding, and 
improve placeability and durability. 

6. The subgrade should be carefully 
prepared as to grade and contour and then 
should not be disturbed by trucks or other 
vehicles. 

7. The mixer should operate on the 
shoulder and be capable of supplying 125 
cubic yards of concrete per hour. 

8. Only straight or slightly curved 
sections of pavement should be laid with the 
machine. Sharp curved sections should be 
laid by other methods until the machine has 
been developed to lay short radius curved 
sections. 

9. Curing compound of proven quality 
should be applied automatically and im- 
mediately after final finishing. 

10. Joints should be neatly filled so as 
not to impair the appearance and riding 
qualities of the surface. 


Even on superelevated curves the 
traveling form paver does an 
excellent job. 


Here is a close-up of the fresh concrete 
slab just after the machine has passed. 


Some of the mechanical improvements 
contemplated by the developers of traveling 
form machines are: 

1. Addition of a device for automatically 
spreading the fresh concrete evenly between 
forms after it has been deposited on the 
subgrade by boom and bucket. 

2. Improved vibrating action to insure 
compaction of the concrete from the top 
surface to the subgrade. This will insure 
that the full flexural strength corresponding 
to the nominal thickness of the slab and 
concrete used will be realized. Vibration 
should start automatically with the forward 
movement of the machine. 

3. Additionof an automatic belt finisher 
for. the final finish desired before texturing 
the surface witha burlap drag, if so desired. 

4. Addition of a device for automatic 
spraying of membrane curing compound. This 
should be arranged to apply the curing 
compound uniformly and in the amount 
needed to prevent moisture loss. Spraying 
should start automatically with the forward 
movement of the machine. 

5. Replace the gas engine power unit 
presently used to drive the various com- 
ponents of the machine by means of gears, 
shafts, chains, and sprockets with a gas- 
electric generating unit and individual motor 
drives. 

6. Develop an economical method of 
preparing a smooth subgrade at exact grade 
desired. This is a major undertaking and 
very important for the successful operation 
of traveling form pavers. 

Traveling form pavers can be constructed 
at relatively low cost and they will also 
reduce the capital investment and equipment 
charges of a paving operation by eliminating 
a number of auxiliary machines and large 
quantities of side forms used on conventional 
paving jobs. The elimination of these 
auxiliary machines and side forms will 
materially reduce the present high moving-in 
charges. Reduction in capital investment 
for equipment and lowering of moving-in 
charges should make it possible for more 
contractors with limited capital to build 
concrete roads with traveling form pavers. 
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J.C. Roberts, District Engineer 
Texas Highway Department 
Abilene, Texas 


The question as to whether the uses and 
procedures of high viscosity medium set 
emulsion asphalt are new is a question which 
we are unable to answer; therefore, it will be 
the purpose of this paper to describe the 
methods and procedures, and also the purposes 
for which it is now being used in District 8 
for the Texas Highway Department. 

It has been our observation for many 
years that the use of MC-1 or other cutback- 
asphaltic materials resulted in undesirable 
surfacesas far as quality was concerned and 
also the problem of coordination on the part 
of the contractor of his equipment and 
personnel in being able to apply the MC-1 
prime on the base at the proper time was one 
of much concern. We found that with cutback 
asphalt used as a prime the behavior of this 
material was somewhat erratic. 

On dense-type bases a residual asphalt 
was left on the surface of the base which 
could be considered working asphalt, with 
the balance of the asphaltic material used in 
the surface. On the other hand, on sand 
and gravel bases and on materials which gave 
a lesser density, the cutback would penetrate 
into the base and leave no residue. Many 
of our bases are spotted, some sections very 
dense and others very open. After a uniform 
application of asphalt for penetration work 
over a spotted condition there would result 
a wide variation in the amount of working 
asphalt to be combined with the cover stone. 
The results, especially on lightly traveled 
roads during the winter seasons, would be 
ravaged by ravelingon the lean sections and 
intense bleeding on the fat sections. This 
problem is particularly prevalent in West 
Texas where the characteristics of one base 
material pit are ever changing and the 
material is used pit run. 


In collaborationwith File D-14 in Austin 
an experimental project was set up in 1951] 
on F.M. 1082 in Jones County. On this 
projecta solution of high viscosity, medium 
set emulsion and water was provided in lieu 


_of the usual MC-1 prime. It was our thought 


that the water and emulsion solution could be 
appliedwith the usual water truck equipment 
which is ordinarily used on base work. This 
idea proved to be very satisfactory as long as 
the emulsion water was applied in several 
applications and the per cent of emulsion 
to water was less than 10 per cent. 

On this particular project, the base 
material was pit run and its compaction and 
finishing characteristics varied throughout 
the pitandalong the road. The concentration 
of the emulsion water varied from 5 per cent 
to 15 per cent and was applied in several 
applications to the end that approximately 
0.05 of residual asphalt was left on the base 
toactasa prime. The results indicated that 
the base filtered the asphalt out of the water 
and the amount of penetration of the emulsion 
and water was zero, which meant that all of 
the residual asphalt was left in a very thin 
membrane on the surface of the base. This 
membrane did meet, for all intents and 
purposes, the requirements of a prime coat 
in that there was created an affinity for the 
asphalt surface to the base. 

We have carefully observed this project 
since its completion in 1951. There has 
been the very minimum amount of raveling 
in the winter months, and there are no fat 
spots on the surface. Since there was no 
penetration of the oil asphalt into the base, 
it is evident that all of the asphalt applied 
is now working with the cover stone which 
was designed in keeping with the amount of 
asphalt placed. 

Another advantage in the use of this 
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particular construction is simply a matter of 
procedure. It was not necessary for the 
asphalt distributor to arrive on the project 
until all of the base was finished and all of 
the base had been primed with the solution 
of emulsion and water. This, of course, is 
certainly anadvantage from the contractor's 
point of view. 

Traffic was carriedon the base throughout 
the construction period. During the period 
between the placement of the final surface 
and the first application of emulsion and 
water, certain sections showed evidence of 
raveling. It was necessary only to make 
another application of water and emulsion 
inorder to cure such conditions as they might 
develop on the project. 

At the present time all prime coats and 
tack coats in District 8 utilize this method 
of construction on all penetration work. 
Using the same materials and same percent- 
ages of emulsion and multiple application 
of water with water trucks, a similar treatment 
was provided in the plans and specifications 
for U.S. 84 in Scurry County, north of Snyder. 

On this project the plans provided for a 
flexible base overlay over a low asphalt 
surface and 125 pounds per square yard of 
hot mix asphaltic concrete -- Type D. 
Traffic volume varied from 12,000 vehicles 
per day within the city limits of Snyder to 
approximately 2,000 vehicles per day on 
the north end of this thirteen-mile-long 
project. This traffic consisted of heavy oil 
field trucks, mixedwith the usual automobile 
traffic. Inthe prosecution of this work, the 
contractor crushed his material, hauled the 
base to the road, processed it in the usual 
manner of compaction and finished and 
applied multiple applications of emulsion 
and water immediately behind the finishing 
operation. Theentire thirteen-mile section 
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was completely finishedand treated with the 
5 per cent solution of water and emulsion to 
the extent that approximately 0.05 of 
residue per square yard was left on the 
surface and under the wheels of traffic. 
This treatment carried the above volume of 
traffic for 47 days during the months of 
November and December without the 
necessity of refinishing any of the base. 

The hot-mix paving operation was 
started at the end of the 47 days and we 
found that a tack coat was unnecessary 
ahead of the asphaltic concrete. 

It is our opinion that the procedure out- 
lined above, using emulsion and water as 
both a prime and a tack coat, effects a 
considerable saving in the actual cost of 
construction of such projects, andat the same 
time gives to the traveling public as good a 
traffic facility prior to the placement of the 
pavement as they have with the ultimate 
pavement in place. 

In the fall of 1952 it was evident that 
some of our farm-to-market roads, both old 
and new, where the surfaces consisted of 
single asphalt surface treatment usinga grade 
three aggregate, were deteriorating due to 
raveling on one side and cracking on the 
other. It was imperative that something be 
done or there would be no aggregate left on 
the surface and the wetting and drying and 
freezing and thawing cycles during the winter 
would cause numerous base failures. From 
our experience on construction projects 
where we utilized emulsion and water 
solution, we concluded that multiple treat- 
ments of the solution on old surfaces might 
stop the raveling and might also seal the 
cracks in the surface. With this in mind, 
the maintenance forces started utilizing the 
water and emulsion treatment on our high- 
ways. 
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Using the multiple-treatment method, 
approximately 0.05 of the residual asphalt 
per square yard was placed. Raveling of 
these pavements was stopped in the middle 
of the winter. The many different types 
of cracks were also sealed. 

It was observed by the _ engineers 
inspecting the surface of these roads that the 
roads were not only saved but improved to 
such an extent that seal coats which had 
previously been programed for them could 
be deferred. Of course, the size of the 
aggregate and depth of embedment into the 
membrane of the asphalt is the determining 
factor as to whether seals of emulsion and 
water without aggregate can be applied to 
any paved surface. Since this experience, 
the above-described treatment for asphalt 
surfaces in need of a seal coat is now being 
used extensively in this district by our 
maintenance forces in each county. 

Incidentally, in those cases where a very 
light tack is needed on old pavements pre- 
ceding hot-mix asphaltic concrete, an 
application of emulsion and water has been 
used successfully for this purpose also. 

No doubt engineers inall areas have been 
confronted with the problem of how to better 
coordinate the construction operation from 
the time the base is finished until the time 
the ultimate pavement is placed. Cases have 
arisen where the engineer felt that a very 
light application of asphalt added to the 
surface would be of benefit to the road. 

No doubt traffic problems through con- 
struction periods have presented a bothersome 
period to an engineering Organization. To 
our way of thinking, the procedures outlined 
above permit the application of residual 
asphalt in very minute quantities -- where 
and when needed -- inexpensively, and 
with a common water truck. 
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An asphaltic concrete pavement mixture 
isa combination of granular particles, usually 
called mineral aggregates, with a more or 
less viscous liquid, asphalt. The design of 
anasphaltic concrete mixture means select- 
ing the type, amount, and gradation of the 
mineral aggregates, and then determining 
by test and by calculation the amount of 
asphaltto use. If this combination does not 
meet the required provisions of the specifi- 
cations, thenitwill be necessary to redesign 
the mixture, using different amounts of the 


CAN 


is well explained in T.H.D. Bulletin C-14. 

Some of the more essential properties of 
a satisfactory asphaltic concrete mixture 
are density, stability, flexibility, work- 
ability, surface texture, and durability. 
Some engineers are prone to stress one or 
more of these properties to the detriment or 
exclusion of the others. In order to evaluate 
a paving mixture, we should take the total 
integration of all of the above-enumerated 
properties. We may discuss these properties 
as follows: 
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DESIGN OF HOT WIN PAVEMENTS 


J.R. Harris, Supervising Field Engineer 
Texas Highway Department 
Austin, Texas 


same aggregate or other aggregates and 
determining by test, the amount of asphalt 
to use with this combination of aggregates. 
This process is repeated until a mixture has 
been established which will meet all of the 
requirements of the specifications. In most 
instances the first mixture will be satis- 
factory; however, there have been cases 
when as many as ten or more mixtures were 
designed before a satisfactory mix was 
secured. The exact procedure to follow in 
the design of an asphaltic concrete mixture 


DENSITY: Almost all paving engineers 
seem toagree that "other things being equal, 
the densest bituminous pavements are the 
best." Ibelieve this viewpoint iswell taken, 
for some of the other essential properties are 
almost totally dependent on this one property. 
Density indicates the ratio of the total 
volume of solids in a compacted specimen 
to the total volume of the specimen. When 
the compactive effort is held constant, such 
as molding laboratory specimens, the density 
may be varied by changing the asphalt 
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content. After the asphaltic concrete has 
been placed on the road, the density 
developed in the pavement is dependent on 
the compactive effort exerted while the 
mixture has plastic characteristics. 

All asphalt cement used in Texas asa 
binder for hot-mix asphaltic concrete pave- 
ment is a viscous liquid at a temperature of 
140°F. or higher. The asphalt ceases to be 
a viscous liquid at a temperature somewhere 
below 140°F. This is an important point to 
remember when placing bituminous mixtures 
in cold weather, because the mix soon 
becomes chilled to the point where additional 
rolling does not develop additional density; 
and, if sufficient density has not been 
developed, the surface will be permeable 
to both air and water. Asa result, the 
surface will surely ravel when placed under 
present-day, high-speed traffic. | realize 
this condition may not be a design feature, 
but some engineers may consider it as such, 
add additional asphalt to correct the faulty 
behavior of the pavement, and then the 
following summer, experience the, failures 
of shoving, rutting, and a slick surface so 
common to high densification of the pave- 
ment. 

The density of a pavement should be low 
enough to allow for the expansion of the 
asphalt cement in hot weather without 
becoming unstable. At the same time, the 
density should be high enough to produce a 
pavement that will withstand the abrasive 
action of traffic, and be impermeable not 
only towater, but also to air, and thus tend 
to increase the durability of the pavement 
by assisting the bituminous binder to resist 
change from oxidation. Our specifications 
provide for a density of not less than 94 nor 
more than 98, with an optimum of 96. The 
minimum and the maximum values for density 
are not average values, so, in order to allow 
for normal variations in plant operations and 
stay within the specification limits at all 
times, it probably is desirable to design for 
a density of not less than 95 nor more than 97 
as longas the stability requirements are met. 
Ordinarily,with givenaggregates, the higher 
the density, the lower the stability. 

STABILITY: Theword stability is used in 
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many fields of endeavor and has so many 
different shades of meaning that it has come 
to be little more than a descriptive term, 
such as "good" or "permanent." However, 
those interested inasphaltic concrete usually 
know what they mean by the term "stability, " 
andasweare talking about plastic mixtures, 
stability means the ability to resist lateral 
deformation undera vertically applied load. 
Stability values are expressed in percentages 
and range from zero to one hundred. Zero 
stability represents a liquidwhich will trans- 
mit laterally the full amount of vertically 
applied load. A stability of one hundred 
represents a solid body which will not 
transmit laterally any portion of a vertically 
applied load. 

During the early stages of road develop- 
ment, the lack of stability in black top 
pavements probably was the primary or 
decisive factor which resulted in the 
extensive use of a rigid type of pavement. 
It is a well-recognized principle that the 
ability of anasphalt pavement to carry loads 
without deformation is dependent mainly 
upon the internal friction of the mineral 
aggregate particles which constitutes the 
entire framework and the major portion of 
absolute volume of the structure. In other 
words, the stability of a pavement depends 
primarily on the mineral aggregate, and of 
this stability, the course aggregate (plus 
tenmesh size) plays the predominating role. 
Another well-known principle is that angular 
particleshaving rough surfaces will develop 
more stability than round particles with 
smooth surfaces. Thisistrue for two reasons: 
first, the coefficient of friction is greater 
for the angular particles; second, and by no 
means the least, the area of contact is much 
greater. 

The function of the asphalt cement is to 
coat each particle of the mineral aggregate 
with anadhesive ductile film of bitumen and 
tocement adjacent coated particles to each 
other. With the correct amount of asphalt 
inthe mixture andwhen properly compacted, 
the resultant pavement should be able to 
resist all disruptive forces, including 
weathering elements, and should possess 
sufficient mechanical stability and flex- 


ibility to accommodate without distortion 
and raveling the shocks and stresses caused 
by heavy high-speed traffic under all 
conditions. Unfortunately, complex effects 
arise from the paradox that the asphalt 


‘cement operates in opposite directions with 


regard to mechanical stability. On one 
hand, in very thin films it has a cohesive 
action tending to increase stability; on the 
other hand, in thicker films it acts as a 
lubricant which has the reverse effect. It is 
this lubricating property of the asphalt 
cement which facilitates the compression of 
the hot mixture under compactive effort to 
give the desired density in the pavement. | 

It follows therefore that too much atten- 
tion cannot be given to selecting the 
optimum asphalt content for any given 
project. Too low a value usually produces 
low density with a corresponding high 
stability and inevitably results in raveling 
and disintegration of the surface. Too high 
a value usually produces high density, with 
a corresponding low stability, and results in 
rutting, shoving, and a corrugated, wavy 
surface. 

A minimum stability value of 35 has been 
established by the Texas Highway Department 
for work constructed under its supervision. 
A maximum stability value has not been 
established, because as in other road build- 
ing materials, the stronger the product, 
usuaily the better. Probably the only 
instances in which high stabilities should be 
viewed with concern are those times in 
which the densities are abnormally low. If 
the inherent characteristics of an aggregate 
are such that a relative high stability is 
securedwith the optimum density or slightly 
higher density in the mixture, | see no reason 
to deliberately destroy this stability by 
incorporating inferior materials into the 


mixture. 
FLEXIBILITY: Flexibility is a relative 


term often used, but without any definite 
range of values having been established by 
the Texas Highway Department to determine 
the degree of flexibility desirable in a 
pavement. All pavements are flexible toa 
certain extent, including portland cement 
concrete. When we speak of a flexible 


pavement, | think of a pavement having the 
ability to remain in contact with the support- 
ing foundation without cracking. When the 
foundation itself isa flexible or compactable 
base, the property of flexibility is particularly 
important. When the pavement is laid ona 
foundation having a high degree of rigidity, 
flexibility becomes relatively unimportant. 

According to the preliminary bulletin on 
“Fundamentals Governing the Design of 
Bituminous Paving Mixtures" by Committee 
A-4, Highway Research Board, National 
Research Council, "The principal factors of 
a bituminous paving mixture affecting the 
property of flexibility are, (1) the quantity 
of the bituminous binder, (2) the viscosity 
and temperature susceptibility of the binder, 
and (3) the quantity of mineral filler. These 
three factors which affect the flexibility of 
the pavement also influence the stability of 
the pavement. Itis obvious, therefore, that 
in designing the mixture, a balance should 
be struck so that flexibility will be obtained 
without too great a sacrifice of stability." 

Flexibility may be improved without any 
appreciable loss in stability by reducing the 
amount of finer particles and increasing the 
amount of coarser particles. Thisreduces the 
total surface area of the particles and permits 
a greater asphalt film thickness. The thicker 
the asphalt film, the greater the resistance it 
will have to cracking when flexed. 

Since it has been shown that stability is 
primarily a function of the characteristics of 
the aggregates, and flexibility is primarily 
a function of the film thickness and character 
of the asphalt binder, a high stability value 
does not necessarily mean lack of flexibility. 
Conversely, a high degree of flexibility 
usually will mean a very low stability. 

It therefore follows that if a foundation 
does not possess sufficient rigidity to support 
the overlayingasphaltic concrete pavement, 
the proper solution to this problem would be 
to build more rigidity into the foundation 
rather thanattempt to build a greater amount 
of flexibility into the pavement. 

WORKABILITY: Workability isa relative 
measure and is meaningless unless considered 
in reference with some construction pro- 
cedure. In view of the development of 
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efficient modern asphaltic concrete spread- 
ing and finishing equipment, the workability 
of bituminous mixtures is not of as great 
importance as it was when hand-placing 
methodswere used. A mix is workable when 
it is easy to spreadand rake and it should not 
be displaced by the roller. A mixture having 
crushed angular particles requires more 
rolling to produce the desired density in the 
pavement than does a mixture having round 
smooth particles. This may be as good a 
time as any to state that when placing 
asphaltic mixtures on new bases, particularly 
where traffic was not allowed on the new 
base, considerable difficulty in rolling the 
mixture is oftenencountered. This difficulty 
isnot due to the mixture but results from the 
base flexing under the rollers. Ordinarily, 
the thicker the pavement being placed, the 
more difficult it is to roll without displace- 
ment. Other difficulties encountered in 
rolling may be attributed to too high a 
temperature of the mixture, resulting in an 
unstable condition; too much sand, which 
creates a high degree of lubrication with a 
corresponding loss in stability; and an 
insufficient amount of asphalt, which results 
in a lack of sufficient cohesion to bond the 
particles together when pressure is applied. 
As a rule, low-density mixtures are harder 
to roll than are those mixtures with higher 
densities. 

SURFACE TEXTURE: Surface texture is 
G@ very important integral part of a bitumi- 
nous pavement that too often is neglected. 
It must be remembered that it is upon the 
surface that the wheels roll, and it is only 
the surface of the pavement that the public 
sees and uses in judging its merits. Very 
often a slick surface is the cause of a 
serious accident . 

In designing and constructing a bituminous 
paving mixture, care should be taken to 
avoidanexcess of bitumen on the surface of 
the pavement either immediately after 
construction or after the pavement has been 
subjected to additional densification by 
traffic and by climatic conditions. Sufficient 
voidage should be provided in the compressed 
bituminous pavement to allow for increased 
densification by traffic loads and for expan- 
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sion of the aggregates and binder caused by 
temperature. increase so that exuding of 
bitumenon the surface will be avoided. When 
used, the sequence of placing a tack coat 
should be such that the tack coat is not 
tracked upon the completed surface. 

A tightly compacted, low-voidage surface 
resembling a sheet asphalt surface will soon 
become very slick due tothe oil drip from the 
ever-increasing traffic count. It would then 
be desirable to designa mixture which, when 
placed, will produce a surface witha relative 
open texture and having nonskid properties, 
yet prossessing sufficient density to insure 
adequate durability. Our specifications 
provide for this type of mixture. For hot-mix 
asphaltic concrete pavements, it is called 
Type F. This type of pavement should be 
used when the traffic count justifies it and 
finances are adequate. In many instances 
the desirable properties of a Type F mixture 
can be approached with a Type D mixture 
without any additional cost to the Texas 
Highway Department by using the maximum 
amount of a course aggregate allowed under 
the specifications, and without sacrificing 
any part of the other necessary properties 
essential toa good asphaltic concrete pave- 
ment. This has been done with very 
gratifying results. 

DURABILITY : A durable pavement must be 
able to retain the desirable properties which 
we have discussed. The longer these desirable 
properties are retained, the more durable 
jthe pavement. Since there will be little 
change in the mineral aggregate of a 
bituminous mixture, durability will then 
depend upon the ability of the bituminous 
binder to resist change. 

Those factors which tend to assist the 
bituminous binder in resisting change are the 
density of the pavement and the thickness of 
the asphalt film surrounding the individual 
aggregate particles. The denser the pave- 
ment, the more impermeable it will be to 
water and air -- resulting in less oxidation 
of the bituminous binder. As the asphalt 
film is increased, the ratio of the surface 
area to the total amount of asphalt in the 
pavement is decreased, thus increasing the 
durability of the pavement. 


GEOMETRIC DESIGN AND TRAFFIC CONTROL SECTION 
Morning: Room 2-C 


| Chairman: Professor &.J. Benson 
| A & M College of Texas 


10:00 Design and Operation of Climbing Lanes 

Frank H. Scrivner, Supervising Research Engineer 
Texas Highway Department 

Austin, Texas 


Georse Cee Walivjr = Resident-bngineer 
Texas Highway Department 
Mineral Wells, Texas 


Afternoon: Room 2-C 


Chairman: F.E, Lovett, Expressway Enginee 
Texas Highway Department | 
Fort Worth, Texas 


1:30 Problems in Horizontal Alignment of Expressways . 
R.A. Bossy, Expressway Engineer 
Texas Highway Department : 
San Antonio, Texas 


3:00 Selection of Expressway Pavement 
F,.A. Harris, Senior Designing Engineer 
Texas Highway Department 
Houston, Texas 


MOTION OF HEAVY VEHICLES ON HIGHWAY 
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Frank H. Scrivner, Supervising Research Engineer 
Texas Highway Department 
Austin, Texas 


Theory: Consider a vehicle (Fig- 
ure 1) of gross weight W, traveling 
at a variable velocity v, ona grade 
inclined at an angle ©, with the 
horizontal, the value of O being 
taken as positive if the vehicle is 
ascending’ and negative ii Sit ts 
descending. If g represents’ the 
acceleration of gravity and t the time, 
then neglecting that part of the driving 
force required to overcome the inertia 
of rotating parts, we may write the 
force equation, 


w dv=P- Wsin9, where P, a variable, 
@ dt 


may be termed the net driving worce 


actings onsthe «vehicle. The above 
equation may be rewritten in the form 
Pir ap ed Vistas 1 (1) 
W g dt 

It is seen that 
P/W= sino (2) 


N 


whenever the vehicle is operating at 
maximum suStained. speed on any 
grade, thatis, whendv/dt =O. Thus, 
by observing the maximum sustained 
speed of the vehicle on a variety of 
grades, a graph like the one shown in 
Figure 2 may be constructed, where 
the maximum sustained speed in 
ft. /sec. was plotted against the sine 
ofthe gradeangle. By breaking up this 
graph into a series of straight line 
segments, each withanequation of the 


‘Voc: 
P/W =av+b (3) 


we may Substitute the right hand side 
of Equation 3 in Equation 1, and solve 
the latter with the following result: 
+ (Sine 7b )t (4) 


x=|1 v-v 
oO 


ios lal 
Seer ti LOPe AVRO oI ete 
ag av, +b - sin © 


where x = distance (feet) truck travels. 


in changing velocity from vo ft. /sec. 
to v ft./sec., and t= time (seconds) 
required for truck to travel the 
distance, x feet. 

The constants, aandb, are obtained 
from the appropriate straight-line 
segment of the graph of P/W versus v 
(Figure 2 or Figure 8), a being the 
slope of the segment and bits intercept 


onthe vertical axis of the graph. Where 


more than one segment of the graph 
is involved inthe velocity change, then 


So 


increments of time and distance must 
be computed separatelyfrom Equation 
4 for each segment, and added to 
obtain the required time and distance. 

The characteristics of the design 
truck now being used in climbing-lane 
design are indicated in Figures 2 and 
3, Figure 3 was an enclosure of Road 
Design and Maintenance Information 
Circular 1-52. Equations 4 were used 
inpreparing Figure 3, the values ofa 
and b having beentakenfrom Figure 2. 


Road Test of A Heavy Vehicle: In 
December 1953 a road test was 


conducted by the Planning Survey of 
the Texas Highway Department ona 
sectionof Ranch to Market Road 93 in 
Travis and Burnet Counties west of 
Austininaneffort to provide data from 
which the simplified. theory repre- 
sented by Equations 4 could be checked 
or corrected, if necessary. The vehicle 
used was an International Harvester 
R-195 two-axle truck-tractor (146 
net horsepower at sea level) and a 
33-foot Hobbs tandem-axle flat-bed 
trailer, both loanedto the Department 
free ‘of. charge -by the respective 
manufacturers, Table 1 gives essential 
data pertaining to the tractor. The 
trailer was loaded with steel piling, 
the gross weight of tractor and trailer 
being 57,180 pounds. (Figure 4. ) 

In running the tests, pneumatic 
tubes or detectors which actuated 
electric switches when run over were 
first stretched transverse to the 
highway at 100-foot intervals ona 


~~ 
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selected grade. Two instruments, an 
Esterline-Angus 20=pen, \ verapare 
recorder with one-tenth-second ac- 
curacy(Figure 5) and an oscillograph 
and camera with tuning-fork timer 
accurate to 1/1000 second (Figure 6) 
recorded the time each of the four 
axles passed over the pneumatic tubes 
duringsthe test; 

Eleven grades ranging from 700 to 
1,500 feet in length, and from 0.16 
per cent to 7. 62 per cent in inclination, 
were used in the test. 

Inall test runs the driver, an em- 
ployee of the Department, attempted 
to maintain the highest possible speed 
while remaining within the range of 
engine rpm recommended by the 
manufacturer and marked on the 
Speedometer. 

UP-GRADE ACCELERATION RUNS: 
Thedriver approached the grade at the 
bottom at a very low speed (one or 
two miles per hour). When within 
three or four feet of the first detector, 
he accelerated as rapidly as possible 
and continued to accelerate ‘until he 
had passed over the last detector at 
the top ofthe: orade: slfixhe: -hadinot 
reached maximum Sustained speed at 
that time he returned to the bottom of 
the grade andrepeatedthe run, except 
that he approached the first detector 
at approximately the speed and in the 
gear he had previously passed the last 
detector. This procedure was followed 
until maximum sustained speed was 
attained. 

UP-GRADE DECELERATION RUNS: 
The driver attempted to approach the 
grade at the bottom at a speed equal 
to or greater than 47 miles per hour 
(the statewide average for trucks) and 
attempted toreachthe top at the high- 
est possible velocity. If, after passing 
the last detector, his speed was still 
greater than maximum _ sustained 
speed, he returned to the bottom of the 
grade and repeated the run, except 
that he approached the first detector 
at approximately the speed and in the 
gear he had previously passed the last 
detector. The process was continued 
until the velocity on the grade was 
reducedto maximum sustained speed. 

DOWN-GRADE ACCELERATION 
RUNS: At the top of the grade the 
driver approached the first detector 
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at one or two miles per hour, then 
accelerated as rapidly as possible. 
If, on passing thevlast detector, he 
had not attained a speed of 47 miles 
per hour, he returned to the top of the 
grade, making his approach on the 
second down-grade run at the speed 
and in the gear he had previously 
passed the last detector, and again 
accelerated as rapidly as possible. 
The process was repeated until he 
attained a speed of at least 47 miles 
per hour on the grade. 

All told, there were 118 test runs 
of the types described above. 

Results of Road Test: Velocities 
for use in plotting speed-distance 
curves representing the test runs were 
computed as follows from the basic 
data: 

(a) From 20-penrecorder data (ac- 
curacy 1/10 second): The velocity at 
the instant when the front axle of the 
vehicle was midway between two 
successive detectors was taken equal 
to the distance between detectors (100 
feet) divided by the corresponding time 
interval. 

(b) From Oscillograph data (ac- 
curacy 1/1000 second): The velocity 
when the mid-point between the second 
and third axles was over a detector 
was taken equal to the distance between 
those axles (18.62 feet) divided by the 
corresponding time interval. 

Simultaneous values of speed(mph), 
and distance from the first detector 
to the front axle of the truck (feet); 
were plotted as points on separate 
graphs for each of the 118 runs made 
on the eleven grades. A few of the 
resulting speed-distance curves are 
shown in Figure 7. 

Since the grades were relatively 
short, it was necessary to devise a 
logical method for fitting together into 
a continuous speed-distance curve for 
each grade the short segments plotted 
from individual runs. It was also 
necessary to find a means for inter- 
polating between the grades used in the 
test in order to plot speed-distance 
curves for integral values of per cent 
grade for comparison with the curves 
now in use (Figure 3). For accom- 
plishing both of these purposes, use 
was made of Equations 1 and 4 in the 
manner described below. 
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is ascending. 


6 = grade angie, positive when 
vehicle 


P= cet driving force ( tbs.) 
W= gross weight (Ibds.) 


and 


’ 


velocity (ft./sec.) 


Moss X Acceleration = Force, 
= P-Wsin 6, 


Where v 
(The additional driving force required to accelerate rotating 


ports is neglected.) 
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Vehicle used inroadtest. Truck-tractor 
is over a pneumatic detector. 


Twenty-pen graphic recorder measured 
time required for truck to travel the 
100-foot distance between pneumatic 
detectors. 


The acceleration, dv/dt, was com- 
puted from oScillograph data for a 
given instant, and the grade angle 9, 
being known, these values were sub- 
stituted in Equation 1 and the numer- 
ical value of P/W was computed for 
that instant. Each value of P/Wso 
computed was plotted on a graph 
against the corresponding velocity. 
These values are represented by the 
solid black points and circled points 
in Figure 8. Through these plotted 
points an average line was drawn to 
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Oscillograph and camera, in portable 
dark room, recorded time each axle 
passed over pneumatic detector. 


establish the graphical form of P/W 
associated with the test vehicle. The 
reason for the wide scattering of 
points on this graph is not known, 
but the scattering might have been due 
to unavoidable variations in wind 
direction, wind velocity, road rough- 
ness, driver behavior, and possibly 
in some of the time measurements 
themselves. 

Next, from the graph of average 
values of P/W, and by use of Equa- 
tions 4, a set of three speed-distance 
curves (up-grade deceleration, up- 
grade acceleration,and down-grade 
acceleration) was computed and 
plotted, fors.each zof .the, eleventtess 
grades. | 

Finally, the 118 speed-distance 
curves previously plotted directlyy 
from the observed data were compared 
with the corresponding speed-distance 
curves computed by use of the graph 
of average values of P/W substituted 
in Equations 4. Fair agreement was 
generally obtained between the two 
sets of curves, and it was concluded 
that Equation 4 could be used in con- 
junction with the experimental data 
of Figure 8 to compute a series of 
speed-distance curves which would 
represent the behavior of the test 
vehicle with fair accuracy on any 
grade. Accordingly; the speed- 
distance curves of Figure 9 were 
computed. 
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If Figure 9 is compared with Figure 
3 it will be seen that the vehicle used 
in the 1953 road test performed at 
speeds generally lower than predicted 
by the speed-distance curves of Figure 
3. As a result, climbing lanes de- 
Signed from the road-test results 
would be longer than those designed 
according to present standards. 

Actually, the two sets of curves 
(Figure 3 and Figure 9) represent but 
two of the many types of vehicles which 
will use our climbing lanes. Many 
willbe even faster than the relatively 
fast vehicle represented by Figure 3. 
some will be slower than the com- 
paratively slow vehicle represented 
by tisure 9° Pher i993) road test 
having servedits purpose, (which was 
to confirm the simplified theory of the 
motion of heavy vehicles as repre- 
sented by Equation4), the next logical 
step in the development of the theory 
of climbing-lane design is to deter- 
mine whether the design truck now in 
use is too fast, too slow, or approx- 
imately correct for use in climbing- 
lane design. It may also be that the 
use of 30 miles per houras the critical 
speed at which trucks should be taken 
oul of and returned ato these traffic 


stream may require revision. The 
comments of field engineers are 
requested on these questions. 
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TABLE I 


DATA PERTAINING TO TEST VEHICLE AND CONDITIONS OF OPERATION 


1. Vehicle indetification - International R-195 Tractor. 


2. Vehicle over-all maximum dimensions (a)Height - 7.75', (b)Width - 7.75', 


3. Total gross weight - 57,180 pounds. 


4. Manufacturer's maximum gross vehicle weight rating - 50, 000 pounds. 


0. Gearratios: (a)Transmission - 6.98, 3.57, 189, 1.00, 0,825 (overdrive). 


(b) Aux. trans. - none, (c) Axle- 65, &86. (d) Total gear reductions - 


612845945587, Sly 63iw23r 2p" 16, 7511 228s eo eS. e650 27 ta beoecee 


6. Tire size - 10.00 x 20. 


7. Net engine power at sea level - 146 hp at 2, 600 rpm. 


8. Altitude - 950 ft. 


9. Road service type and condition - bituminous, good. 


THE OPERATION OF A CLIMBING LANE 


George C. Wall Jr., Resident Engineer 
Texas Highway Department 
Mineral Wells, Texas 
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aving only one climbing 
lane inour residency, the 
Scope of these operational 
=a observations is necessar- 
ARTY] ily limited to a particular 
section of steeply graded four-lane 
roadway, the north lane of which 
serves asaclimbing lane. This section 
of roadway occursonU.S. 180 in Palo 
Pinto County and begins approximately 
4.1 miles west of the Brazos River 
Bridge. 

Due to the fact that the six-mile 
project in which this climbing lane is 
included was planned and_ under 
construction at the time the present- 
day warrants for climbing lanes were 
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issued, this section has its entrance 
toofar downhill for conformance with 
the epresent-day scriterias wolnce 
construction of the entrance had been 
completed, it was leftinits lengthened 
state. However, at the planned exit, de- 
Signtruck speed was a mere eighteen 
miles per hour. The exit was under con- 
struction, soit was lengthened by field 
change to bring the design truck speed 
to the required 30 miles per hour. 
Therefore this north lane,as construc- 
ted, meets all minimum geometric 
requirements for a climbing lane. 

As shown in Figure 1, this four-lane 
section is constructed on a 176-foot 
base crown with 52 feet of three-course 


Approx. 10" Crushed 
Limestone Sese 


Course 


TYPICAL FOUR LANE SECTION 
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Miles per bc : 
sg -WEYAR. 
hound Busi Cross hoad 25,000 » 215 HEMEL F 
6 i 
3 a £ 50_ 
i Ye Fn? 


40 . 


3Q 


a DESIGN TRUCI< SPEED 


2Q 


9 7400 14/0 420; [430 /438 
266 PEORMANCE “CURVES OF TWO TON DUMP TRUCK § GREYHOUND BUS 
surfacetreatment. Thisthree-course are tractive ability, transmission 


surface treatment is divided by a 
four-foot concrete median, leaving 
two ascending lanes of twelve feet each 
and two descending lanes of the same 
widths. Ascending grades proceeding 
in a westerly direction are 2.60 per 
cent for 1,350 feet, 5 per cent for 


ratio, rearaxleratio, torque, pounds 
carried per horsepower, and last but 
byno means least, driver character- 
istics. In order to have a uniform 
basis of comparison for the trucks 
tested, pounds per horsepower was 
chosen. 


1,500 feet, and 4.56 per cent for To begin our operational observa- 
1,800 feet. The vertical rise over tions of this climbing lane, a new 
this steeply graded section is approx- two-ton maintenance dump _ truck 


Entrance and exit 
are 700 feet 


imately 190_ feet: 
transition distances 
BESDECIIVElY.: 
Various local truck distributors 
were contacted for specification data 
concerning rear-axle ratios, trans- 
mission ratios, and the size engines 
to be expected in their trucks. Here 
it was found that in any given truck 
one might find any one. of three 
rear-axle ratios and a choice:-from as 
manyas eight different engines. Five 
forward-speed transmission were in 
general standardfora given make and 
model. Since these five forward speed 
transmissions, coupled with two-speed 
rear axles, make it possible to select 
from ten different engine speeds for 
one turnover of the rear wheels, it 
becomes a difficult task for even a 
driver whois familiar with this section 
to shift at the proper time and to the 
proper gear in order to obtain max- 
imum performance from his truck. 
This is graphically illustrated by the 
performance curves of the various 
trucks tested when their speed is 
plotted against their distance up the 
hill. Acceleration and deceleration 


on any given series of grades depend - 
upona number of factors among which 
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weighing 7,900 pounds empty was 
successively loaded with two tons for 
a gross load of 11,900 pounds, four 
tons for fa-. 9ross, ,load).ofmloau00 
pounds, and six tons for a gross load 
of 19,900 pounds. With the 107 
horsepower engine of the dump 
truck, these loads compute to be 111, 
149, and 186 pounds per horsepower 
respectively. This truck was rated 
at 16, 000 pounds gross weight and was 
loaded in each case with sacks of 
eement and salt. (Figuré 25) Wita 
each load six runs were made up the 
hill with driver instructions for three 
of the runs at each loading to get the 
maximum performance possible from 
his truck until reaching station 1361. 
For the other..three runs at each 
loading, the driver was instructed to 
limit his truck speed to 46 miles per 
hour at station 1438. This speed and 
this location were chosen becauSe the 
design truck speed is. 46 miles per 
hour at this point. The performance 
curves for these two different methods 
of climbing the grade took a slightly 
different shape for each loading and 
showed a Slightly lower speed for the 
limited performance up to the 19, 900 
pound gross load. For this loading 
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PERFORMANCE CURVE OF LONG WHEEL BASE € LIGHT SEMI- TRUCK 


after the minimum Speed of twenty-four 
miles per hour in each case the 
performance curves throughout the 
acceleration range were very nearly 
coincident. Limited performance was 
not plotted, however, since a restric- 
tion had been placed on the driver and 
they were felt not to be representative. 
With the two-ton pay load (111 pounds 
per horsepower) the dump _ truck 
entered at65 miles per hour, dropped 
to 40 miles per hour, and passed 
through the exit at 49 miles per hour. 
The addition of two tons pay load for 
149 pounds per horsewpoer brought 
minimum speed to 29 miles per hour 
for a net drop of eleven miles per 
hour. However, a further addition of 
twotons, making the ratio 186 pounds 
per horsepower, dropped the minimum 
speed only five miles per hour from 
the previous loading for a low speed 
of 24 miles per hour. It will also be 
noted that for this series of grades it 
was necessary to overload the dump 
truck by 3,900 pounds, or to load it 
to approximately 125 per cent of rated 
capacity toattain a constant minimum 
speedonthis series of grades. At this 
weight, the overload springs were flat 
and the load was high enough to be in 
danger of slipping over the tail gate 
as the truck mounted the grade. For 
these reasons the tests were halted 
at this point. The conclusion to be 
drawn here is that since all curves 
are above that of the design truck, 
aqump:. trucks do* mot. -control, the 
beginnings or endings of climbing 
lanes but do attain low enough speeds 
tobe considered in discussing climb- 
ing lanes. 


During the time the dump truck 
was being tested, a Greyhound bus 
was clocked through the climbing lane. 
On a pounds-per-horsepower basis 
this bus compared closely with the 
11,900 pound gross load of the dump 
truck. Thebus, however, hasa higher 
performance curve which is due to its 
diesel engine. The diesel engine 
develops a higher horsepower at the 
same engine turnover per minute rate 
than a gasoline engine such as the 
dump truck had. At 850 revolutions 
per minute the engine of the bus 
develops 215 horsepower, whereas the 
gasoline engine of the truck must turn 
up 3,600 revolutions per minute in 
order to attain its 107 horsepower. 

A long wheel base truck was found 
to have a performance curve similar 
in shape to that of a lightly laden truck 
with a semitrailer. The long wheel 
base truck pulled over and stopped at 
station 1379, so no comparison may 


be made beyond station 1393. His 
deceleration characteristics are 
somewhat faster than would be 


expected when compared with the 181 
pounds-per-horsepower semi;however 
low speeds are in line at 26 and 18 
miles per hour respectively. At 144 
pounds per horsepower one might have 
expected the performance to be closely 
akintothat of the dump truck four ton 
pay load whichfigured 149 pounds per 
horsepower. The curves, however, 
are not Similar and the minimum speed 
of the long wheel base is 26 miles per 
hour aS compared with the 29 miles 
per hour of the dump truck. This is 
believed to be due to the greater 
tractive ability of the dump truck 
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because of the greater percentage of 
his ‘load being directly over the 
rear wheels. Likewise, the 186 
pounds-per-horsepower:. dump truck 
decelerates more rapidly than the 181 
pounds per horsepower semi. This 
more rapid deceleration is due to the 
dump truck being in a higher gear. 


curve. Acceleration for both trucks 


may be seen here immediately after 


attaining .the lesser 4.5967 per) cent 
grade. 

Heavily laden semitrailer trucks 
constitute about one-tenth of the truck 
traffic onthis climbing lane. The two 
heavy trucks compared are very 
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However, thedump truck is six miles 
per hour faster at their lowest respec- 
tive speeds and accelerates more 
rapidly onleaving the grade. As would 
be expected, the dump truck has a 
higher speed at any given point on the 
grade. Thesefacts give more support 
to the theory of greater tractive ability 
for the dump truck. 

The performance curves of the 
medium laden trucks with semi- 
trailers (Figure 4)showa much faster 
deceleration for the 293 pounds-per- 
horsepower load than for the 213 
pounds-per-horsepower load. Ac- 
celeration cannot be compared, but 
the explanation lies in the poor gear 
change of the 213 pounds-per-horse- 
power truck driver at about station 
1382. Minimum speeds for both trucks 
compare well witheach other and with 
all trucks tested of this type. Of special 
interest here is the conformance with 
the design truck curve. They are 
closer than were the previous trucks 
and at an entrance speed of 30 miles 
per hour, where present climbing 
lanes begin, both trucks very nearly 
coincide withthe design curve. Atan 
exit speed of 30 miles per hour, where 
climbing lanes end, both curves are 
within about a station of the design 
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and ~ 382° pounds) per 


nearly equally laden (Figure 5) at 373 
horsepower 
respectively. No conclusions may be 
drawn from the acceleration or 
deceleration characteristics of these 
trucks when compared with each other. 
Their confliction is felt to be due to 
driver characteristics. However, 
when compared with all other trucks 
of this type it will be readily seen that 
the deceleration of these heavier loads 
is faster than the medium and lightly 
laden semis, and while the accelera- 
tion characteristics of these two 
trucks are quite good the low speeds 
are inline withthe pounds carried per 
horsepower. Both trucks have 
decelerated to 30 miles per hour at 
station 1426, which is about 400 feet 
prior to the design truck speed of 30 
miles per hour. A lower minimum 
speed than that of the design truck is 
encountered not only at the end of the 
5 per cent grade but during some 
portion of all grades where the climb- 
ing lane occurs. Exit speeds were 
both lower than design and the 382 
pounds per horsepower truck did not 
attain a speed of 30 miles per hour 
until almost 800 feet after that of the 
design truck. 

Trucks entering this ascending 


lane are somewhat slow in moving 
over to the right-hand edge of the 
pavement. This may be due to two 
factors. The high entrance speed 
contributes to this slowness, and the 
surface has been widened with premix 
- giving two different colors. This 
two-tone surface, however, does not 
keep a truck from moving over when 
an anxious driver to the rear desires 
to pass soon after entrance. The 
author has seen the passing operation 
completed withintwo or three hundred 
feet of the median nose. While this is 
a thing that rarely happens, it is a 
potential danger spot and it is felt that 
for a future similar situation a pave- 
ment design witha minimum of 24-foot 
widthat the medianentrance should be 
provided. For an exit width, the 
24-foot surface serves very well at 
station 1383. Enough sight distance 
is available here for passing at the 
median end. 

Median maintenance deserves a 
word at this point. Openings for 
transverse drainage have been pro- 
vided at each station within the limits 
of superelevated sections. For a 
section of the 5 per cent grade and of 
the 4.56 per cent grade, the surface 
is too lean in asphalt content. This, 
coupled with the fact that all traffic 
uses the outer lane except for passing 
operations, causes shed on the inner 


ofthe median. An asphaltic concrete 
pavement would have prevented this 
problem. 

While the results of these observa- 
tions are not felt by any means to be 
conclusive due to the limited number 
of tests, certain trends have been 
established and from these trends 
some conclusions may be drawn. 
(1) Dump trucks and busses, due to 
their greater tractive ability and 
lesser loads, will not control the 
beginnings or endings of climbing 
lanes. However the dump trucks will 
have low enough speeds so as to be 


readily passed by busses and passen- 


ger automobiles. (2) Lightly laden 
semis below 200 pounds per horse- 
power will enter the climbing lane ata 
Slightly higher speed than the design 
truck, willaccelerate to 30 miles per 
hour slightly faster than the design 
truck, andwillhaveahigher minimum 
speed than. the design truck. 
(3) Semis loaded in the 200 to 300 
pounds per horsepower class will 
closely approach the design truck 
curve at 30 miles per hour. They too 
will have minimum speeds in excess 
of those of the designtruck. (4) Heav- 
ily loaded semis above 350 pounds per 
horsepower will decelerate at a 
faster rate, andhave minimum speeds 
Slightly lower than the design truck. 
(5 Approach pavements should provide 
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lane. These median openings within 
this sectionare partially blocked after 
each rain by this free aggregate. 
During dry seasons the gravel will 
stack up along side and freckle the top 


a minimum of 24 feet of surface at the 
entrance end of the median. (6) Lastly, 
climbing lanes speed up traffic and 
usually provide hazardless passing 
operations in hilly country. 
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Problems in Horizontal Alignment 


R.A. Bossy, Expressway Engineer 
Texas Highway Department 
San Antonio, Texas 


The subject of this talk could be 
rather complicated; however, after 
thinking it over I realize that Iam 
asked only to discuss the problems in 
horizontal alignment of expressways 
and not to furnish the solutions. I 
believe that Mr. Benson, in selecting 
someone to give this talk, was probably 
influenced considerably by having seen 
the City of San -Antonio and the 
expressway work there. I believe 
that none of the other metropolitan 
areas in Texas have quite as com- 
plicated a street pattern as does the 
City of San Antonio. Accordingly, 
the expressway routes in the old city 
are somewhat indirect. 

It is rather difficult to isolate the 
problem of horizontal alignment in 
expressway work, but I believe it would 
be well to try to define it to some 
extent for purposes of this discussion. 
I am assuming that before the prob- 
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lems of horizontal alignment arise, 
there “has* béeni.a (previous sour 
determination for the expressway in 
question. Thatis, a route through the 
metropolitan area from one Side to the 
other has been selected within rela- 
tively narrow ‘limitS: With @thismein 
mind, then the horizontal alignment 
problem covers only the exact location 
along the route and the geometrics of 
the design, particularly as related to 
the interchange’ facilities to .be pro- 
vided with other highways and major 
traffic arteries. For determination 
of these features there are a number 
of generalcontrols. First of these is 
rightofway. That is, in urban work, 
the .most, important, controlageit sus 
necessary to selecta locationon which 
adequate right of way can be provided 
at reasonable cost and one which will 
permit continued development of the 
urban area along the desired lines. 
Many times it is possible to utilize 
areas for right of way which have 
deteriorated for other uses or which 
were never well suited-to- other uses: 

Other general controls are topog- 
raphy anddrainage. Inrural locations 
these are perhaps the most important 
features. Although these are sub- 
ordinate to right-of-way problems in 
urban work, they are still major 
factors and necessarily affect the 
location. 

The location of interchanges is of 
course § primarily determined -- by 
intersecting highways and major 
crossing: arteries: :-These points of 
crossing must necessarily be selected 


where adequate interchange facilities 
can be provided and constructed at 
reasonable cost. We find that before 
a location can be made we must have 
a rather definite conception of the 
type and extent of interchange facil- 
ities which are to be provided at the 
various crossings. Practically all 
structural design in expressway work 
consists of individual and special 
cases. One should abandon any thought 
of forcing alignment to simplify 
structural design. 

Another major consideration in 
determining expressway location 
Should be the accessibility of the 
facility to the adjacent areas of the 
city. To Serve its best purpose, the 
expressway Should be readily accessi- 
ble throughout: its length. Often a 
location parallel and adjacent to a 
major stream or railroad appears to 
be desirable from aé_ right-of-way 
standpoint. In these cases we should 
be careful not to overlook this feature 
of accessibility. 

In Texas, urban expressway work 
is a cooperative endeavor in which the 
Texas Highway Department and the 
municipal corporations undertake the 
work onacooperative basis. The city 
furnishes the right of way, and the 
state undertakes the design and con- 
struction of the expressway facility. 
It is unavoidable that the municipal- 
ities have many serious problems in 
developing an expressway route 
through an urban area which has 
developed over many years with no 


thought of providing such traffic 
facility. Most cities now _ have 
planning and zoning commissions 


which study their urban areas and 
endeavor to control the development 
of the cities in patterns which will 
lead to many benefits in the future. 
They have also determined what 
appears to be the best land use for 
various areas of the city, and the 
expressway locations must properly 
fit into these patterns. Also the cities 
in their planning have in mind the 
future development of major traffic 
arteries within the city and the ex- 
pressway design must fit with this 
future traffic pattern. The interchange 


facilities other than with highways 


must necessarily coincide with the 


future traffic arteries to be developed 
by the city. Because of all these 
problems which we do not have in 
rural highway locations, the alignment 
of expressways in urban areas is an 
entirely different problem than rural 
highway alignment. It must be 
remembered that the primary function 
of an urban expressway is not to 
provide a facility for movement of 
through traffic entirely across the 
urban area. The smaller volume of 
traffic which desires to cross the 
urban area completely without stop- 
ping is an incidental consideration. 
The major function is to move traffic 
within the urban area, that is, traffic 
which enters the expressway and 
leaves it within the city. 

Under these circumstances, and 
bearing in mind this major function, 
direct alignment for the expressway 
is not essential. It is rather more 
important to properly tap each point of 
traffic interchange in the best manner 
and to havea facility whichpermits the 
freedom of movement in the urban 
area, which is the objective. 

To talk specifically about some of 
the San Antonio Expressway work, I 
have. brought some drawings which I 
would like to show you regarding what 
has beendone in that area. This map 
shows the urban expressway system 
as now proposed in San Antonio. The 
central section from Fredericksburg 
Road to Nogalitos Street and from 
Martin Street to Broadway is the 
original expressway project set up in 
San Antonio in 1945. Its origination 
was based on improvement of inter- 
state routes inthe City of San Antonio. 
These were U.S. 87 northwest, 
together with U.S. 90 east and U.S. 
ol north ana asouth,, (Lhise Original 
6-mile project is now practically 
completed with the exception of the 
freeway lanes in the central section. 

In 1952 the State Highway Commis- 
sion, recognizing the need for long- 
range planning for expansion of the 
proposed expressway facilities in the 
metropolitan area of San Antonio, 
proposed to the City of San Antonio 
and Bexar County the ultimate 
development of the expressway 
systemas indicated onthe map. The 
City and County accepted this pro- 
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posal and progress has been made in 
its development. The designated 
system to be improved to expressway 
standards includes Loop 13 entirely 
around the metropolitan area, the 
completionof U.S. 81 across the City 
and also to the county line in each 
direction. U.S. 87 is to be extended 
to. the, Kendall . County; dine) and<an 
Past-West.. expressway: route. for 
U.S. 90 is to be developed... This 
route is shown dotted because it may 
be a continuous route or it may be a 
route wor US 90swesisiromeuunio. sow 
tom Oop al 3s andaU ss.) 90seast. from 
Usp eecO tO snLhe ~COUDL Ys aLIne..egLnis 
long-range plan in the metropolitan 
area! Ones sboundeds Dyers OOpER Los 
includes 49 miles of Loop 13 and 45 
miles of expressway inside of Loop 
13, a total of 94 miles. In looking at 
this over-all plan you will note that 
the southeast quadrant of the City, a 
highly developed area, is lacking in 
proposed expressway facilities. This 
fact has been under discussion for 
some time and Studies are being made 
of the justification of an addition to 
the over-all plan in this area. This 
may appear to be a rather ambitious 
plan; however, I think the need for its 
completionis definiteandacute. This 
proposal and agreement was made in 
1952, two years ago. In spite of the 
local political wars, which have been 
raging continuously, Bexar County 
has authorized $4 million for right of 
way, and the City of San Antonio has 
authorized $11 million. This compares 
with $5 million spent since 1945 for 
right of way. 

I have wandered too long from my 
Subject. However, Ithought you would 
be interested in the general San 
Antonio status. To get back to the 
subject I would like to give you a 
run-down of the general procedure 
which we have used in San Antonio 
in making expressway locations or to 
determine the horizontal alignment. 
We have first obtained aerial strip 
maps of, say one-third- or one-half- 
mile width along the proposed route. 
We usually get these on a scale of 
1":100' and allow the map makers 2 
per cent of error in scale. On these 
aerial maps we select the general 
control points in accordance with the 
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features outlined previously. We then 
draw the preliminary lines to scale on 
these maps and outline the interchange 
facilities. Wefindthatifis necessary 
to draw all the major features of the 
proposed expressway on the air map, 
that: is. the pavement..lines, inter-= 
changes, ramps, and various connec- 
tions. This can be done graphically 
without calculating alignment at this 
stage. Use of straightedges and curves 
will provide sufficient accuracy for the 
preliminary. studies. Utilization: of 
different colors on the expressway 
lanes and frontage roads and ramps 
assistS in presenting the desired 
picture. After we have laid out what 
appears to be a reasonably satisfac- 
tory locationonthe aerial map we are 
ready tobeginthefieldsurveys. It is, 
of course, impossible to run center 
lines on this type of work and field 
Surveys are made from base lines 
which are established on existing 
streets or other openareas. The best 
position for the base line is easily 
selectedfromtheaerial maps. These 
base lines are accurately established 
and complete topography is obtained 
fromthe base line. We then plot this 
information on a coordinate grid ona 
scale of 1":20' on pencil tracing cloth. 
Prints are then made of the drawings 
which gives us a working map ona 
scale of 1'':20' which shows all of the 
topography. features ina (ne meme ic 
surveys we.also accurately tie inswihe 
property lines.in the, vicinity, otathe 
proposed location. Ithink San Antonio 
is no different from the other urban 
areas in that many of the city block 
maps and other available information 
concerning property lines have many 
discrepancies and exact determination 
of required right of way necessitates 
the accurate tying of property lines to 
the base-survey system. When these 
maps are completed on the 1:20 scale, 
control points are selected from the 
air map layout andthe exact alignment 
of the proposed expressway is plotted 
on the map. Necessary adjustments 
are then made and all of the inter- 
changes, ramps, and pavement are 
accurately plotted on the 1:20 layout. 
This large scale speeds up the work 
in, jnany respects since. MOstsolsLuc 
design determinations may be made 


by scaling. The work may be ac- 
curately scaled within one foot. After 
the design is made and completed on 
the 1:20 layout, the required right of 
way is outlined on the map and these 
large-scale base maps are used to 
transmit the data to smaller scale 
right-of-way maps and plans. 

(Studies of some of the proposed 
interchanges in the San Antonio Ex- 
pressway system were shown here. 
No perspectives or charts were 
available for publication here, but 
Mr. Bossey's comments are presented 
dS iteisyaeitathey give enough of a 
picture. ) 

This is the south intersection of 
Dep.eeol and’ loop, 13;.-where a 
cloverleaf is proposed. Remember 
thatsthis is an intersection.of. two 
expressways. Itwill be noted that this 
interchange provides separate lanes 
for allofthe interchange traffic. The 
through traffic is not involved with 
any of the right or left movements. 
At first glance it might appear that it 
would be considerably more expensive 
than the usualtype of cloverleaf; how- 
ever, I think close examination will 
show that the additional area of bridge 
and pavement required is not exces- 
sive eine relation. to, the  »benefits 
provided. 

This next interchange is U.S. 81 
south and S.H. 346. This problem 
was not considered well suited to the 
cloverleaf design because the turning 
movements will not be of anything like 
equal volume. It is considered that 
the volume passing back and forth on 
S.H. 346 south will greatly exceed 
other movements at this interchange. 
Accordingly, we have developed this 
design which favors the anticipated 
heavy movements and subordinates the 
minor movements. Highway 346 is not 
a controlled-access facility. 

This next interchange is U.S. 87 
northwest and Loop .13, another inter- 
section of two expressways. In this 
case it is considered most probably 
that the turning movements from 
northwest toward town will greatly 
exceed any of the other movements. 
Wetherefore provided direct connec- 
tions for this movement. When this is 
done inone quadrant, it automatically 
follows inthe opposite quadrant. This 


subordinates then the other two 
quadrants in this design. 

Now here is a perspective drawing 
of the simpliest kind of interchange 
for twoexpressway crossings. It has 
been our thought that if U.S. 90 should 
be located across U.S. 81 inthe central 
part of town right-of-way cost would 
prohibit any large interchange area, 
This would provide for complete 
separation of the through traffic but 
would require all interchange from 
both highways onthe frontage roads at 
grade with signal control. 

I also have here a layout of the 
interchange facility at the intersection 
OF UrSiesl andsUe Ss: soieingine: ceinral 
part of town. Most of this has been 
constructed and probably a number of 
you have seen it and I brought it along 
mainly for that reasonto show you that 
some day we expect to connect things 
up at this intersection, even though 
you may have wondered about it. We 
will have direct connections between 
U.S. 81 and 87 for the north-south 
through traffic on both routes. The 
other movements willhave to be made 
from the expressway to the frontage 
roads and back to the expressway. 

I hope that no one in this group 
has expected me to e©ome jup) witha 
formula for solution of expressway 
alignment problems. These are so 
closely related and inseparable from 
the many other problems involved 
that the subject is very difficult to 
talk about without involving many 
other features. I have come to the 
conclusion that the basic problems in 
expressway work are the Same ones 
that we of the Highway Department 
have been faced withfor the past 29 or 
30 years, except that they are bigger 
how. Forinstance, there is the diffi- 
Guity sOb \VISUalI Zing LULU Pes tPaliic 
requirements and determining the best 
provision to be made, as well as the 
difficulty of selecting from the tre- 
mendous need that part which is 
practical of accomplishment now and 
will still fit into the future pattern in 
a proper manner. ‘Then there is the 
ever-present demand for compromis- 
ing design to meet right-of-way 
problems, andthe seemingly unavoid- 
able necessity for right-of-way 
commitments in advance of design. 
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The subject of this paper implies a 
decisionas to the type of pavement to 
be used in expressway construction. 
As in any other item of construction, 
the engineer's decision must be eco- 
nomically sound. This means that 
two major items of cost must be con- 
sidered and balanced against each 
other. These are construction cost 
and maintenance cost for the antici- 
pated life of the pavement. 

The first item can be estimated 
directly with reasonable accuracy 
from a knowledge of current costs of 
locally available materials and labor. 
The second item is not So easy as it 
involves estimating future labor and 
other costs and evaluation of many 
intangibles such as the cost to the 
expressway customers occasioned by 
interruption of service for mainte- 
nance repairs orreconstruction. The 
latter item can be of such magnitude 
as to overshadow the actual cost to the 
state of the work performed. For 
example, over 80,000 vehicles per 
day use the Gulf Freeway at Velasco 
Overpass. Should this volume of 
traffic be inconvenienced by mainte- 
nance operations in this vicinity in 
such a manner as to be delayed one 
minute in their travel, the cost to the 
users would amount to approximately 
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$1,700 per day. A one-minute delay 
to all traffic could be easily occasioned 
by closing one of three freeway lanes 
ineachdirectionfor even a short dis- 
tance. In addition to this cost, there 
are other intangible items such as 
danger to personnel, increased prob- 
ability of accidents, and short effective 
work days dueto necessity of avoiding 
work during peak hours. Work of any 
nature on expressway lanes of the Gulf 
Freeway is a most difficult and dan- 
gerous undertaking. 

The public pays a good price for 
expressways and expects good per- 
formance.. Undue interruption of 
service or inconvenience to the 
traveling public due to maintenance 
repairs might adversely affect public 
support of such facilities and we 
certainly cannot afford to lose the 
public support we now enjoy. | 

To date, concrete pavement has 
beenselectedfor freeway lanes, ser- 
vice roads, and ramps for the reasons 
stated above, and a flexible-type 
pavement for parking lanes, median 
dividers, andsome service roads. A 
semiflexible-type pavement has been 
provided in a project for a connection 
ofthe U.S. 75 North Expressway with 
existing streets, and a similar type 
may be used in some future express- 


G 


A 


way construction. Hence, it is apparent 
that we are not committed to the use 
of concrete pavement solely in our 
expressway workinHouston. Each of 
the various types of pavement has its 
peculiar advantages and disadvantages 
and the choice ineachcaseis governed 
by an analysis of construction and 
maintenance costs. Therefore, before 
proceeding into a detailed discussion 
of the merits of each, it may be well 
to review the types of pavement 
available and something of their 
methods of design. 

Flexible Pavement: This type of 
pavement consists of one or more 
layers of granular material to which 
is applied an asphaltic wearing sur- 
face Slt is, cistinguisned froma 
rigid-type pavement in that the loads 
are carried principally by individual 
interaction between the particles of 
the granular basecourse. Each layer 
transmits a load of diminishing inten- 
sity to the underlying layer or to the 
subgrade, at the same time undergoing 
a certain amount of deflection or 
deformationinproportion to the loads 
transmitted. The resultant yielding 
of the pavement surface under the 
action of a wheel load is responsible 
for the term ''flexible'' in this type of 
pavement. The thickness of each 
layer required for stability under any 
given wheel load is determined from 
the requirement that the stress or 
unit load transmitted to the underlying 
layer or to the subgrade shall not 
overstress the latter. Thus it is 
apparent that each layer depends not 
only on its own strength but also on 
that of its next-door neighbor, and 
therefore the designer must know 
something of the characteristics of the 
subgrade soils and of each of the 
materials or mixes contemplated for 
use. 
Desirable qualities in base and 
select course materials are high 
density, harddurable aggregate, high 
percentage of coarse material, cor- 
rect amount of soil binder, low 
plasticity, and a well-balanced grad- 
ing. A rough texture is also highly 
desirable for development of frictional 
resistances between particles. All 
of these properties contribute to the 
shearing resistance of the base 


course, which property determines 
its load-carrying capacity. Crushed 
rock, ‘pit=run “gravel, processed 
gravel, slag, caliche, ironore, oyster 
shell, and sand-shell mixes all possess 
these qualities to varying degrees and 
are used in flexible pavements all 
over the state. Generally speaking, 
the most popular materials in any 
locality are those obtainable locally 
at less cost. 

Untilrecently, the designer judged 
the qualities of each base material on 
the basis ofits grading, past perform- 


ance ee itasticity —INdexX, sper cel 
soil binder, and other physical 
appearances. Suchtestsand qualities 


were sufficient in a qualitative sense, 
but gave no hint as to the required 
thickness. Now, however, the Texas 
Highway Department has a method of 
testing and design that enables direct 
determination of the shearing resist- 
ance of subgrade soils and of any 
desired type of select or base course 
material, anda subsequent determi- 
nation of the required thickness of 
each layer of the pavement. This 
method has been developed jointly by 
the Materials and Tests Division and 
Road Design Division after several 
years of research and has been fully 
described by Mr. Chester A. McDowell 
in papers before this Highway Short 
Course and also the 23rd Highway 
Short Coursein1949. Moreover, full 
details are givenin Book II of the Plan 
Preparation Manual, Instructor's 
School, available to all of you, and 
further description in this paper 
would be superfluous. One comment, 
however, is in order in connection 
witha statement frequently made that 
on many jobs one cannot afford to 
perform the necessary sampling, 

testing, and design work. Our stand 
on this problem is that one cannot 
afford not to do this work because 
without such information one must 
either overdesign, underdesign, or 
make a lucky guess. Even in those 
situations where the design analysis 
indicates more thickness of base ma- 
terial required than can be afforded, 
the designer canat least make a more 
intelligent decisionas to what element 
of the design to reduce or as to what 
other type of pavement to substitute 
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Popular opinion perhaps to the con- 
trary, the urban designer does _ not 
have at his disposal an unlimited 
supply of funds. 

Selection of a bituminous wearing 
course is based mainly on _ the 
availability and cost of materials. 
Penetration-type surfaces are not 
recommended for wearing surfaces 
for expressway work due tothe limited 
field control possible. Some form of 
asphaltic concrete should be used and 
mixes should be designed and con- 
trolled as specified in Construction 
Bulletin C-11, with the added provision 
thata minimum Hveem Stability of 45 
be specified. The flexible pavement 
design procedure mentioned above will 
give some ideas as to the thickness 
required, but it is felt that these 
designcurves are too conservative as 
far as surfacing is concerned and 
choice should be made largely on the 
basis of past experience. It might be 
well to mention, however, that the 
Materials and Tests Division has done 
considerable research along the lines 
of applying the triaxial test precedure 
toasphaltic concrete mixes. As yet, 
the method has not proven fo be suit- 
ablefor field use, but it is hoped that 
this investigation will continue and that 
in the near future the design curves 
will be modified accordingly, so that 
wearing surfaces can be designed on 
the same basis as base and select 
courses. 

Rigid.. Pavement: This type . of 
pavement consists of a _ relatively 
nonyielding monolithic layer of port- 
land cement concrete which acts asa 
single unit, rather than by interaction 
between individual particles. Loads 
are carried by beam action, the slab 
acting as a continuous beam on a 
uniform support. Wheel loads cause 
the slab to deflect but generally toa 
lesser degree thana flexible pavement. 
Perhaps the outstanding fundamental 
difference inbehavior is that the con- 
crete pavement cancrack permanently 
witha resultant loss instrength unless 
the crack is properly. controlled, 
whereas the granular nature of the 
flexible base course normally pre- 
cludes the possibility of a permanent 
crack and even after cracking, the 
structural qualities are not impaired 
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to the same extent. 

Designofarigid pavement involves 
consideration of the design wheel load, 
the subgrade soil on which the pave- 
ment is to be built, type and amount 
of subbase, ifany, required to control 
pumping, and type of concrete to be 
used and the thickness required for 
the design wheel load. 

Valuable data on the first item can 
be supplied by records of the Highway 
Planning Survey. Adesign wheel load 
of 20, 000 pounds undera tire pressure 
of 100 p.s.i. is now used for design 
of Houston's expressways. A _ few 
yearsago, a 14, 000-pound wheel load 
and 70 p.s.i. tire pressure was used 
and this seemed quite conservative at 
the time. Study of data collected by 
the Planning Survey on intensity and 
frequency of wheel loads on Texas 
highways during the past several 
years indicates that our 20, 000-pound 
wheel load may soon be obsolete. In 
view of the fact that expressways 
should be designed for a minimum 
life oftwenty years, it is quite appar- 
ent that a liberal viewpoint must be 
held in assigning to any project a 
design wheel load or traffic pattern. 

The subgrade soil must be examined 
to determine its strength, which in 
the case of concrete pavement is 
expressed in terms of its modulus of 
subgrade reaction, or k-value. The 
latter is defined as the ratio of a unit 
pressure applied on a given area of 
the subgrade tothe settlement or ver- 
tical deformation produced by the-unit 
pressure, andhastheunitsp.s.i. per 
inch. It is also evident that k-value 
is also numerically equal to the ratio 
of the total load on the given area to 
the volume displaced by the area 
during its settlement, and that the 
units in this expression are pounds 
per cubic inch. In either definition it 
is always defined in terms of a given 
area; hence, the determination of 
k-value must be made with a proper 
realization of the effect of the size of 
the loaded area. 

The most obvious method of meas- 
uring k-valueis to load steel plates of 
various sizes with measured loads and 
to measure the corresponding settle- 
ment. Thefullline onFigure 1 shows 
the results of such a series of tests 


made during construction of the Gulf 
Freeway. slhe efiect of size of test 
plates is very obvious. 

Alsovery obvious is the disadvan- 
tage of this method of testing. It is 
expensive, must be done in the field, 


- and must be performed on the prepared 


subgrade including a subbase if such 
is to be used in construction. This 
would require either construction of 
a preliminary test section or waiting 
until construction for the tests. The 
latter is comparable to getting the 
horse before the cart, as this infor- 
mation is needed before a design can 
be intelligently made. Fortunately, 
the k-value can be determined with a 
fair degree of accuracy by calculation 
from triaxial compression test data 
onthe materials concerned, using the 
following simple formula: 


k=C (1) 
1.5a 

In this formula, taken from Timo- 
shenko's Theory of Elasticity witha 
slight rearrangement of terms, k 
refers to the k-value, a is the radius 
ofthe loadedarea, andC is the elastic 
modulus of the subgrade determined 
from. triaxial” compression tests. 
Referring again to Figure 1, the broken 
lines show values calculated in this 
manner; the agreement with load test 
data is quite close. 

One comment on this method is 
highly important. The term C in the 
above formularepresents the average 
or composite elastic modulus of the 
entire soil structure on which the slab 
is to be placed, including natural 
undisturbed soil, compacted earth 
subgrade, and compacted subbase if 
such is to be provided. In addition, 
loads on concrete pavements affect 
soils toa greater depth thando similar 
loads on flexible pavements and in 
many cases the characteristics of the 
natural soil will change appreciably 
withdepth. Hence, the triaxial com- 
pressiontests must be made on natural 
soils to some depth as well as on the 
compacted natural soils and subbase 
materials, and their respective elas- 
tic moduli averaged in some manner 
suitable to the individual designer. 
One such method is by use of Figure 
7, page 78 of the Plan Preparation 


Manual, Book II. 

While this procedure may seem 
somewhat involved, it must be remem- 
bered that concrete pavement design 
is a complicated problem; also, the 
amount of testing required is essen- 
tially the sameas required for proper 
design of a flexible pavement even 
though the interpretation of the test 
results is somewhat more involved. 
Also, as will be seen later in this 
paper, the k-value? can  vany quite 
widely without a large change in 
required thickness of slab and the 
process need be repeated only for 
drastic changes in soil conditions. 

Thesubgrade soil must be examined 
to determine the need, if any, for a 
granular subbase for control of pump- 
ing. The criterion, based on grading 
of the soil given in page 64 of the 
Design Manual, appears to be the 
most reliable information to date and 
the writer has found no record of 
failure of this criterion to produce 
satisfactory results. The range of 
materials available for subbases is 
even wider thanthe range of materials 
available for base courses for flexible 
pavement, since even fine sands and 
stone screenings may suffice provided 
they meet the grading requirement 
mentioned ~above. , In-any case the 
material considered should be tested 
inits compacted state to determine its 
triaxial strength and its resultant 
effect on k-value. 

In addition to preventing pumping, 
granular subbases provide a convenrnt 
working table for paving operations, 
and if properly constructed also pro- 
vide a considerable degree of water- 
proofing of subgrade soils during 
construction. These qualities often 
result in sufficient economy to the 
contractor's operations to pay the cost 
ofthesubbase. Until a few years ago 
a sand-shell flexible base material 
was used as a.subbase in Houston's 
expressway construction. This was 
covered witha single penetration-type 
seal coat to provide a wearing surface 
during construction, This type of base 
material requires considerable time 
for setting up and on several occasions 
rains during construction penetrated 
the partially completed base course 
and compacted earth subgrade with 
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serious loss of compaction. Inorder to 
provide a more positive waterproofing 
of the subgrade and to reduce the time 
required for subbase construction, we 
have since beenusing a cement-stabi- 
lized sand-shell mix placed at 
high-water content by means of 


vibrated spreader-box type equipment. 


In intersections and other places 
inaccessible to this type of equipment, 
the material is placed at lower water 
content by blading and rolling. This 
material has much less strength than 
the concrete pavement slab, and may 
be considered to be in the category of 
a high-quality soil-cement. Its use 
eliminates the seal coat, and labor 
savings have resulted in a lowering of 
bid prices to the extent that we are now 
placing this type of subbase at about 
the same costas the previous type with 
sealcoat. Ithas beenfound to provide 
excellent protection to subgrade 
compaction, and no serious cracking 
or hair-checking has been observed. 
More data will be presented on this 
type of subbase in a later section of 
this paper. 

Having disposed of subgrade soils 
and subbase, the designer must next 
consider the slabitself. The analysis 
involves the determination of tensile 
stresses produced in the slab by wheel 
loads applied to various positions on 
the slab, and comparison of these with 
the tensile or flexural strength of the 
concrete. Two methods are available: 

1. Westergaard method based on 
theory of continuous beams on uniform 
elastic supports, and subsequent 
modifications. 

2. Elastic theory of layered sys- 
tems. 

It would be highly desirable to use 
the layered theory method since the 
characteristics of the subgrade, base, 
and slabareall expressed in terms of 
Young's Modulus, which is independent 
of size of test specimen or size of 
loaded area, and which is determined 
directly from simple compression or 
triaxialcompressiontests. However, 
solutions are available only for the 
case of loads applied to an interior 
section of the slab and this load case 
is rarely the controlling case; also, 
very little data are available on 
stresses not directly below the center 
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of the load. The labor involved in 
making numerical solutions of the 
appropriate equations is So enormous 
that anything like complete data on 
practical types of loads will be many 
years in the coming. 

Hence, we must fall back on the 
more approximate Westergaard meth- 
odandk-value. Three load cases are 
considered: interior, corner, and 
edge. For each load case, the extent 
of the slabaffected by any given wheel 
load is different and the amount of 
subgrade affected by the deflection of 
the slab is also different. Recalling 
that k-value varies with size of loaded 
area, one is not surprised to learn 
that each load case calls fora different 
k-value. Here again is the familiar 
designer's choice, with the U.S. 
Engineers recommending 30-inch 
diameter test plates, our own Plan 
Preparation Manual up to ‘60-inch 
diameter, and others even larger 
test plates. <A series of plate load 
tests made during construction of the 
Gulf Freeway on pavement subgrades 
and later on the slabs placed on these 
subgrades indicated that plate diam- 
eters of 16 and 24 inches were appro- 
priate for edge and interior loads, 
respectively. Numerous design 
calculations have been made and these 


invariably show that the edge load is 


the most critical; hence, we have 
selected the sixteen-inch diameter 
plate size as standard equipment for 
k-value determination. 

As is the case with flexible bases, 
many different materials are available 
for concrete construction in Texas. 
The elastic modulus of the material 
considered must be known or deter- 
mined. This may vary from 1 x 106 
for.. shelly concrete. fo. .b.x 10S etor 
Colorado River gravel concrete. The 
Texas Highway Laboratory is equipped 
to make this determination on any 
concrete upon specific request, and 
this should be done if the elastic 
modulus is not known from past 
experience with the material in ques- 
tion. 

Poisson's ratio for concrete is 
usually assumed to be 0.15; if other 
than gravelaggregate is used it might 
be well to check this property also by 
test, 


Having assigned design values for 
wheel load W, radius of tire contact 
area a, k-valueof subgrade, Young's 
modulus, and Poisson's ratio of con- 
crete, various slab thicknesses, h, 
are selected and tensile stresses 
calculatedfor the various load cases. 
Before proceeding with the actual 
stress calculations, it is necessary 
to evaluate two terms that appear in 
all of the Westergaard formulas: 


If several designs are to be inves- 
tigated, it will be found convenient to 
plot a set of curves for each of the 
above quantities giving their values 
for various k-values, slab thicknesses, 
and load radii. The following listed 
formulas may then be used to calcu- 
late the slab stresses; 


plottedfromthesetables. Such tables 
canbefoundin Bradbury's Reinforced 
Concrete Pavement, Washington, 
D.C., 1938. A more recent modifi- 
cation of the corner load case formula 
has been published by Pickett in Con- 
crete Pavement Design for Roads and 
Streets Carrying All Classes of 
Traffic, Portland Cement Association, 
1946. This same publication is very 
convenient to use as it also contains 


(2) 


1.6a2 4 h2 - 0.675h (3) 


design charts giving actual stresses 
for the two cases of corner loads and 
various k-values. 

The procedure just outlined gives 
tensile stresses due to application of 
a wheel load. In addition to these 
so-called load stresses, there may 
also-occur tensile stresses due to 


Interior Load: S; = Q;| W = 0. a W 4 log (1/b)+0. 633 (4) 
h2 . 
Edge Load: Ponte aaa =. 0. 2 W + log(1/b) + 0. oe (9) 
h2 
Protected Corner: S, = Q. W E i 
= 1 - (1.414 a/1)0.6 (6) 


Unprotected Corner: S, = Q, W= 3W 


h2 


h2 


Unprotected corner case above 
refers to a load at a corner that is 
warped upward in such a manner as 
to reduce the k-value of the subgrade 
support to one-fourth its normal 
value. The labor involved in the 
calculations can be greatly simplified 
by using published tables of the stress 
coefficients Qe, Qc, and Qj, or curves 


E ~ (a/1)9- © i (7) 


constrained warping of the slab. These 
are caused by temperature differences 
between the top and bottom of a slab, 
and also by moisture content differ- 
ences. Fortunately, the two effects 
counterbalance each other to a certain 
extent and this office has used a net 
warping of the slab under the effect of 
1.5 degrees Fahrenheit per inch 
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thickness of slab. These warping 
stresses add to the stresses induced 
by interior and edge loads during 
daylight hours and may be of consid- 
erable magnitude. In the case of the 
corner load, these stresses are very 
small due to lack of restraint at a 
corner and need not be considered 
except in its effect on reducing sub- 
grade support at the corner, as has 
been done in the Unprotected Corner 
load formula above. In order to 
calculate the warping stress we first 
calculate the warping stress at the 
center ofa slab of infinite horizontal 
directions: 


O5=Eet (8) 
2(I - P) 

Inthis formula, E is Young's modulus 
of the concrete, e is the coefficient of 
thermal expansion of the concrete, t 
is the estimated effective temperature 
difference between top and bottom of 
slab, and is Poisson's ratio. The 
warping stress at the center of an 
actual slab with finite dimensions 
horizontally is generally less than 
that of a hypothetical slab of infinite 
dimensions and can be evaluated by 
reference to Table 4 of Analysis of 
Stresses inConcrete Roads caused by 
Variations of Temperature, by H.M. 
Westergaard, PUBLIC ROADS, Vol. 
Os gO! oo, Way, (L021 OFrmOa Curve 
plotted from the values given in the 
article. The values are given in 
terms of the ratio of Og, the actual 
stress at the center, to O> above. 
The warping stress. at the edge of the 
slab is less than at the center due to 
lack of restraint in a direction per- 
pendicular to the edge and its value 
can be taken as: 


Oe = Of (1 - p) (9) 


As stated before, warping stresses at 
corner may be ignored. ‘The warping 
stresses are (then -added} to; load 
stresses for each load case and the 
totalstress compared with the allow- 
able flexural strength of the concrete. 
The critical load case will be that load 
which produces the greatest total 
stress, and the critical pavement 
thickness will be the thickness that 
results in a stress for the critical 
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load case that is just equal to the 
allowable flexural strength. 

The allowable flexural strength 
should be based on the ultimate flex- 
ural strength expected and a safety 
factor of two for the design wheel load. 
According to the fatigue principle of 
concrete, such a safety factor is 
Suificient {for an ‘intintte sniumtoc mao. 
repetitions of load. In any anticipated 
traffic pattern there will be a very 
small percentage of the total traffic 
that will exceed the design wheel load, 
and for these loads a lower safety 
factor may be used, depending on the 
anticipated number of repetitions. 
Figure 7, shownonpage 34 of Concrete 
Pavement Design for Roads and 
streets Carrying, All Classesmiar 
Traffic, Portland Cement Association, 
1946, furnishes data on safety factors 
required for any anticipated number 
of repetitions. 

The author realizes that many 
designers do not consider warping 
stresses inconcrete pavement design. 
This is a valid procedure for the 
corner loadcase in which the warping 
stressissmall. However, our expe- 
rience with these design calculations 
is that the edge stress is always 
greater than either corner or interior 
stress; hence, .we feel we must a yaro 
evaluate them. In addition, we have 
some very strong evidence that warp- 
ing stress has been responsible for 
most of the transverse cracking 
observed to date on the Gulf Freeway; 
the total amount of such craeks is 
small, but the amounts observed in 
sections having 30-foot joint spacing 
is much greater than in similar sec- 
tions with 20-foot spacing. AWaye 
unfortunate aspect of this problem is 
that our information on warping 
stresses’. in actual slabs” as very 
meager andis based mainly on obser- 
vations of slabs eight inches and less 
in thickness. Our present procedure 
is to assume a direct proportion 
between thickness and temperature 
differential. Hence, when we make 
calculations for wheel loads of 20, 000 
pounds and more we often arrive at 
unreasonable answers for’ thicker 
Slabs. It is the author's opinion that 
the temperature differential becomes 
constant for. all slabs over a certain 


thickness, butthere is no information 
available onthis matter. Itis strongly 
urged that someone initiate research 
on this problem. 

The’ subject. of other physical 
aspects of design such as reinforcing, 
ifany, joints, and joint spacing is the 
subject of other papers before this 
Short Course and will not be repeated 
here. However, itis evident from the 
above discussion that joint spacing can 
materially affect the thickness design 
and its effect on thickness should be 
investigated. 

Continuously Reinforced Concrete 
Pavement: This is another type of 
rigid pavement which merits dis- 
cussionhere. Inthis typeof pavement 
joints are eliminated by supplying 
sufficient reinforcing steel to bond the 
steel and concrete together and to 
develop a pattern of closely spaced 
cracks with very minute openings. 
The cracks are produced by a combi- 
nation of bond between steel and 
concrete and elongation of the steel 
under stress to a greater extent than 
the concrete. Some of this typeof 
pavement has been used on Fort’ Worth 
expressways with considerable suc- 
cess. I shall be interested to hear 
some discussion on this point by Mr. 
Lovett in a few minutes. We have 
investigated this type of design and 
have found some reduction in thickness 
possible in our situation; the cost 
appeared to be about the same as 
ordinary concrete pavement with 
joints. We have not tried any of this 
in our construction as our present 
feeling is that we canachieve the same 
result — closely spaced joints with 
smallopenings — withordinary pave- 
ment and with more control over the 
joints or cracks by using about a 
fifteen-foot joint spacing. 

Shell Concrete: Shell concrete is a 
portlandcement concrete constructed 
by using oyster shell for coarse aggre- 
gate. It has been used in many State 
Projects in the coastal region where 
the shell aggregate is the only local 
aggregate available in large quantities 
and at low cost. District 12 has 
pioneered in development and use of 
this type of pavement. This develop- 
mentis a good example of the relent- 
lessefforts of engineers of the Texas 


Highway Department in attempting to 
find uses for local materials and 
hence cut construction costs. 

Shell concrete. has generally less 
strength than gravel concrete, but at 
the same time possesses some other 
qualities that: are superior to gravel 
concrete, «namety22): SLowselastic 
modulus, 2) Low coefficient of thermal 
expansion, and 3) Greater strength 
horizontally than vertically. 

The low elastic modulus results in 
lower load stresses, thus partially 
counterbalancing its lower strength. 
This may. seem to be a. startling 
statement but may be explained on the 
basis of continuous beam theory on 
uniform supportsand can be confirmed 
by application of the Westergaard 
stress formulas given in the previous 
section. The practical explanation of 
this is that«:the stiffersor:moresrigid 
the concretez:is, «compared: tox:the 
subgrade on which it is placed, the 
more load it will carry and hence the 
higher willbe the stress. Conversely, 
the more flexible the concrete, the 
more load will be transmitted to and 
carried by the subgrade. 

The low temperature coefficient 
reduces the amount of warping due to 
temperature differentials. The low 
elastic modulus further reduces the 
warping stress due to any amount of 
warping. Hence, warping stresses 
are reducedtoavery low value. This 
fact may be confirmed immediately by 
examination of Formula 8 above, 
wherein both elastic modulus and 
temperature coefficient appear in‘the 
upper half of the fraction. Withelastic 
modulus about one-fifth that of gravel 
concrete and temperature coefficient 
about one-half, it is apparent that 
warping stress for any given temper- 
ature differential and slab thickness 
is about one-tenth as great in shell 
concrete as in gravel concrete. An- 
other mostimportant circumstance of 
the low temperature coefficient is 
that opening and closing of joints is 
markedly less;: hence, longer joint 
spacing canbe used, or with the same 
joint spacing joint openings will be 
much less. This fact can be easily 
seen in any Shell concrete pavement. 
The smaller joint openings are very 
very evident. 
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The third peculiar property listed 
above may come as a Surprise to some. 
Due to the predominantly flat or 
horizontal orientation of the shell 
aggregate in a’shell concrete, the 
elastic modulus is higher and the 
temperature coefficient lower in the 
horizontal direction than vertically. 
Moreover, the overlapping of flat 
particles in the mix allows greater 
deflection of the slab without damage 
than is possible with a gravel con- 
crete. This quality is considered to 
be an advantage when placed over the 
relatively softto medium clays of the 
coastal region. : 

Unfortunately, shell concrete does 
not ordinarily have a hard-wearing 
surface and must be provided witha 
bituminous wearing course. It is 
possible that further improvement of 
mixes and the use of some form of 
concrete additive might result in a 
satisfactory wearing surface, but to 
date such has not been accomplished. 
Another slight disadvantage is diffi- 
culty of field control, due principally 
to variations in shell grading. The 
high voids content of shell aggregate 
requires generally more mixing water 
(average about 10 to 11 gal. /sack) 
which fact accounts for its lower 
strength. Another important. dif- 
ference is its lower rate of strength 
increase, and this fact sounds a 
warning against basing design of 
seven-day beamstrengths. Instances 
have been cited of a 100 per cent 
increase in strength of shell concrete 
after 28 days. 

In spite of the disadvantages men- 
tioned above, shell concrete offers 
some very desirable qualities and 
these should be investigated in any 
locality in which this type of aggregate 
is available at low cost. 

Other Low-modulus Concrete 
Pavements: There are other types of 
concrete that have properties similar 
to shell concrete, and one or more of 
these types may be worthy of consid- 
eration in other than coastal regions. 
Many cities use on their streets a 
type of pavement in which a rather 
weak gravel concrete with little or no 
reinforcing steel or joints is overlaid 


witha thin bituminous wearing surface. 
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The higher than normal water-cement 
ratio apparently reduces the E ande 
somewhat and places this type of 
pavement in the category under dis- 
cussion. Another possibility which 
to the author's knowledge has not been 
used or considered for pavement is 
lightweight concrete. Most of the 
lightweight concretes have a_ low 
elastic modulus andsome are claimed 
to provide a good wearing surface. 
They have a low thermal conductivity 
and should accordingly have a low 
coefficient of thermal expansion. It is 
reported that floor slabs constructed 
of lightweight concrete do not show 
shrinkage cracks to the extent that 
gravel concrete does. Flexural 
strengths of 600p.s.i. at 28 days have 
been reported. It appears to the 
author that this isa field of possibility 
that should be investigated. 
semi-flexible Type Pavement: 
There is available a third type of 
pavement which is neither truly 
flexible nor truly a rigid type. In- 
cludedinthis category are pavements 
constructed with bases of soil-cement, 
soil-lime, cement- stabilized sand 
Shell, and lime- stabilized gravel 
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FORMULAS FOR RIGID PAVEMENT DESIGN 


c 
15a 
AT gh i eee 

Ri - Po) k 


»=3{ 1.6 a2 # h? ~ 0.675 h 


dcetion 5, = SiN = 0.3162 W ! log 1/b # ae 
Re h 


K-value: k= 


Radius of Relative Stiffness: 1 = 


Equivalent Radius of 
Resisting Section: 


STRESSES FOR LOAD AT: 


Edge: Se = ek = 06572 W | & log 1/b # 0.359}-—(5) 
ne h é 
' NO) Peet 
Protected Corner: S, = tcl = a 1 (.hdh 9/1) | (6) 
h h 


(7) 


, 0.6} 
Unprotected Corner: S, = QW =3W | 1 - (a/2) 
he he 


WARPING STRESSES: 


Infinite Slab: Cae? eS ee (8) 
2(1 - p) 
Center of Finite Slab: O, - See "Public Roads",Vol.8,No.3, May 1927 
Edge of Finite Slab: 6, = Og G- p) ——---- (9) 
TERMS A 


ND UNITS: 
C - Elastic Mudulus of Pavement Subgrade, psi/in/in 
a - Radius of loaded area of subgrade in Forma (1), inches 
Radius of tire contact area in Formulas (3) thru (7), inches 
E - Elastic Modulus of Concrete, psi/in/in 
h - Thickness of Slab, inches 
- Poisson's Ratio of Concrete 
- Design Wheel Load, lbs 
e - Coefficient of Thermal Expansion of Concrete, in/in/°F. 
t - Temperature Differential in Slab, °F 


bases. These materials derive a 
considerable amount of their strength 
from some form of cementing agent 
and are monolithic to the extent of the 
strength of the cementingagent. Their 
load carrying action cannot be con- 
sidered to be that of a granular 
material and the strength of any of 
these materials will greatly exceed 
that required for classification as 
Class I base material on the Classi- 
fication Chart used for designing 
flexible bases. Atthesame time such 
materials cannot be classed as rigid 
pavement due to their method of 
construction, low elastic modulus, and 
other physical aspects. All require 
anasphaltic wearing surface, and for 
this reason have been treated and 
designed as flexible-type pavements. 
There are those among us who think 
that such should be considered as a 
weak concrete slab and designed in the 
same manner as a rigid pavement. 
Perhaps the best procedure is to 
analyze such a pavement according to 
both procedures and to rely on the 
method of design and indicates the 
least safety factor. 

Since we are considering here a 
hybrid type of pavement having some 
of the characteristics of flexible and 
some of the characteristics of rigid 
pavement, it would be desirable and 
interesting to have a correlation of 
the engineering characteristics used 
in both methods of design. Sucha 
correlation has been compiled during 
the past several years through a 
long-term study of concrete pavement 
placed onthe Gulf Freeway, shell con- 
Cre empiaCedsa Dye sDistnict. i120: rand 
cement-stabilized sand-shell subbase 
for concrete pavement on various 
Houston Expressways. Table 1 sum- 
marizes the data collected and the 
curves of Figure 2 show some of the 
more essential engineering charac- 
teristics graphically. As can be seen 
by the curves, there is a reasonable 
transition of properties from truly 
rigid pavement (gravel concrete) in 
the left side of the figures, through 
shell concrete and cement-stabilized 
sand-shell subbase, and on to sand 
shell on other base materials on the 
extremereion’, 

Many interesting facts may be 


surmised from the curves of Figure 
2. For example, some of the prom- 
ising characteristics of shell concrete 
previously discussed are clearly 
revealed in that while its elastic 
modulus is only about 25 per cent that 
of gravel concrete, its flexural 
strength is about 75 per cent that of 
gravel concrete. Also, the manner 
in which the ratio between compres- 
sive and flexural strength varies with 
the water-cement ratio, the value 
being around six to one for gravel 
concrete and around two to one for 
cement-stabilized sand-shell base. 
Projecting the curves on the lower 
half of the figure to an ordinate repre- 
senting aninfinite water-cement ratio 
(zero cement content) it appears that 
a first-class flexible base material 
should have aflexural strength almost 
equal to its compressive strength. 
While it has been commonly assumed 
that soils and base materials cannot 
carry tensile stresses, itis known that 
all compacted flexible base materials 
possess some cohesive strength when 
tested intriaxial compression. More- 
over, theoretical considerations often 
indicate the presence of tensile 
stresses in flexible base materials 
withoutfailure. Whilethis part of the 
discussion may be somewhat off the 
subject, I have taken the liberty of 
mentioning it in order to show the 
orderly progression of properties 
from gravelconcreteto granular base 
materials. 

Figure 3 shows coefficients of 
thermal expansion of some of these 
materials as well as the rate of 
strength increase, expressed as the 
ratio between 28- and 7-day strength. 
While the data on these two charac- 
teristics is not as complete as those 
shown on Figure 2, the basic trends 
are evident. Both of these charac- 
teristics are lower for the wetter 
mixes. This means that our search 
fora pavement without joints must be 
confined to the higher water-cement 
ratiorange, andthat in all probability 
design of such a pavement will not be 
based on 7-day strengths and possibly 
not even on 28-day strengths. 

From the standpoint of cracking, 
jointing, andtemperature effects, our 
semiflexible pavement should have a 
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TABLE I 
CHARACTERISTICS CF PAVEMENT MATERIALS 
Summary of average test results and other cata on gravel concrete, 


shell concrete, cenent-stabilized sand shell, and sand-shell flexible base. 


| MATERIAL GRAVEL SHELL CE-ENT-STABILIZED ‘SAND-SHELL} 


| 
| CONTROL NUMBER 


500-3 608-1-1 | 500-3-26' 271-14-5 177-11-2! 500-3 
| in77-11- 


TOTAL WATER, gal/sk 6.0 [ 10.5 


TESTHOD OF PLACEMENT Formed Formed 
1 


TOTAL(WET )DENSITY, 1b/cf 


(DRY DENSITY, 1b/cf 


| MOISTURE CONTENT, 


AIR VOIDS, 


ABSORPTION, & 


|STRENGTH, psi 


ULTIMATE ELASTIC 
MODULUS, psi/in/in 


ULTIMATE FLEXURAL 
STRENGTH, psi 


RATIO OF COMPRESSIVE 
TO FLEXURAL STRENGTH 


[RATIO OF 28-day TO 4 


7-day STRENGTH 

(COEFFICIENT OF THERMAL 

EXPANSION, in/in/°F,x10°| 8.0 6.58% 305 
* 1,400,000 Horizontally #4 1,0 Horizontally 
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low elastic modulus and temperature 
coefficient. From the standpoint of 
load-carrying capacity it should have 
as great strength as possible. Hence 
the problem appears to be the selection 
of a water-cement ratio as high as 
possible without danger of permanent 
crack formation. 

The determination of the boundary 
between the category of a rigid pave- 
ment materialand that of semiflexible 
base materials requiring no joints or 
load-transfer devices has been the 
subject of considerable study by the 
California Department of Highways. 
They report in an article by Earl 
Withycombe (see Highway Research 
Abstracts, Vol. 24, No. 2, February, 
1954) that soil-cement bases with 
7-day compressive strengths of up to 
650 p.s.i. showed no objectionable 
Gracking = Jur: Gxperience: with /ce- 
ment- stabilized sand-shell base 
materials indicates that this should 
correspond to 28-day compressive 
strengths of 1,105 p.s.i. and ultimate 
strength of approximately 1,200 p.s.i. 
Onthis basis it appears that all of our 
cement - stabilized sand-shell base 
could fall into the semiflexible cate- 
gory, eventhat placedat relatively low 
water-cement ratio by blading and 
rolling. Weare attempting to further 
study this problem by investigating the 
coefficient of thermal expansion of this 
materialand comparing these with the 
coefficients for definitely rigid-type 
materials like shell concrete and 
gravel concrete. In the meantime it 
is believed that the criterion of 1, 200 
Des auititiate compressive strensth 
can be used as an approximate limit 
for materials: not requiring crack 
control. For . cement - stabilized 
sand-shell, this strength will be 
attained with approximately fourteen 
gallons water per sack, with a re- 
sulting coefficient of expansion of 
approximately 5 x 10= 

As pointed out previously, all 
semiflexible pavement materials will 
Classity as Class \l base material 
using the Flexible Pavement Design 
Chart, andhence the latter is of little 
value inthickness determinations. By 
use of rigid-design procedure and 
correlations of physical properties 
such as those depicted in Figures 2 


and 3, one may differentiate between 
requirements for materials in the 
semitlexible range on the basis of 
their compressive strength, -— This 
covers a range of approximately 150 
to 1,200 p.s.i. Itis obvious that such 
differentiation is essential. 
Subgrades for Semiflexible Pave- 
ments: Rigi design procedure, 
however, does not furnish any infor- 
mation on the ability of the subgrade 
to carry the loads transmitted to it. 
In the case of truly rigid pavements 
tiie eo aataclorelo. pe Concerned 
with as the high strength of the pave- 
ment is sufficienttoresult in very low 
intensity of stress transmitted to the 
subgrade. As _ pointed out in the 
discussion of shell concrete, the 
weaker the concrete, the greater the 
amount of load transmitted to the 
subgrade. Therefore, in considering 
semiflexible pavements, we must 
investipate the intensity of stresses 
transmitted tothe subgrade. For this 
purpose, “ilexible design procedure 
supplies the necessary information. 


Summary of Design Procedure for 


Semiflexible Pavements: Since the 


range of strengths of semiflexible 


pavement materials covers a wide 
range, it is recommended that thick- 
ness requirements be determined by 
application of rigid pavement design 
procedure. In addition, the ability of 
the subgrade soils to carry the loads 
transmitted thereto should be checked 
by application of flexible design pro- 
cedure tothe subgrade. The question 
of a satisfactory wearing surface for 
semiflexible pavements is still an 
unsolved problem. Three possible 
methods of solution appear to be: 

1. Improvement in either tech- 
niques of design or in composition of 
bituminous wearing surfaces (by 
additives of rubber, etc. ) tothe extent 
that shoving, raveling, and peeling 
will be eliminated. 

2. Improvement of wearing 
qualities of semiflexible pavement 
materials by use of additives or im- 
provement of design mixes to the 
extent that excessive abrasion will be 
eliminated. 

3. Hard aggregate mat surfacing 
worked into surface of freshly place 
material. . 
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